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FIRE-BANKS FO 


_ During 1924 quantities ¢ of petroleum and petroleum products have 
be been i in storage in the United States than “ever before. Considering the ‘amount 
. this oil: in storage and its generally inflammable. nature, the fire loss has _ 
been remarkably low. Tome mort shizA 306 belied dois 


a al Refined oils (which comprise by far the .e largest part of oil st storage in or 
“near r cities and towns), when ignited, simply burn quietly until they are extin- 
guished or burned dry; but crude petroleums, and occasionally refined fuel oils, 
are liable to boil over while burning. “In order to make the storage of these 
latter products a as safe as that of the refined oils, it is” necessary to surround 
container v with so- -called -fire- -walls. dant act ofa 


_ The service to be rendered by these structures is. a ‘peculiar one from an a 
hydraulic standpoint, as their - primary function is to withstand the single 


a of oil thrown out | by the “poil- -over”. In an effort to find the best possible _ 


design, , the series of model tests here described + was conducted, ‘the outstanding | ‘4 
‘result being a ‘demonstration of the value of some form of flash-board or 
coping which will curl the advancing wave back on ‘itself. at word bas 


BY 


4 The discovery’ 6f a number of extremely ‘prolific petrolettt pools in ‘both 


Oklahoma and California during 1922 and 1923 has resulted, in ‘spite. of a 


rapidly growing market, in a considerable over- production of all forms of 
petroleum products. Tn round figures, oil in storage” has increased since 
1921 from 200 000 000 bbl. to more than 500 000 000 bbl. This phenomenal 


growth has fixed the attention of many petroleum engineers on the design and a 


‘proper: protection of oil storage, with the res ult that a number of advantageous 
changes, have been made, | One of the most obvious changes, brought about a 
by this study, has been a material increase in the. size of storage u units—both 


‘of the reservoir and the steel-tank type. . Concrete- -lined reservoirs have been 


built to contain more than 000 000 bbl. (42 gal. each); and steel tanks 


ling 150 000 bbl. per unit are not uncommon. feat oft tu. io gai 
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the changes looking toward better protection of the storage there 

has been a considerable extension in . the use of fire- proof and. vapor-proof 1 roofs 

a‘: 4 and the addition of numerous devices which are intended primarily to prevent 7 
a e evaporation loss, , but which incidentally improve fire protection by lessening 

or eliminating the escape of inflammable vapors. 


We _ Although i in such carefully protected storage fires ¢ are a rather rare occur- a 
- rence e (particularly i in California where the danger from lightning i is small) the 


| 


4 A. > study « of methods for guarding against the spread of fire has not escaped some 
q ‘scrutiny in connection with this general study of oil storage. Unfortunately, 
ga _ _ some of these products have a disconcerting h habit of boiling over after burning 


for varying lengths of time. Recent studies have shown that these boil-overs 
a are confined to crude, and, in some cases, to fuel, oils. In code to prevent the 
_ possible spread of burning oil from structures containing either of “these 
Sam es products, it is necessary to surround them with a fire-bank or wall « of such 
a ‘hin that it will not be topped by | the sudden wave-like advance of the _ ay 


general, be able to much static boil-ov -overs, while 
sudden and violent, do not as a rule discharge any large part of a tank’s 
— contents; and although occasional tank leaks occur, the complete collapse of a 

full tank is so rare as to. justify the designer in almost neglecting this. 
possibility. The fire- wall problem is, therefore, primarily a question of 
stopping a single wave 0 of f high velocity. bsifee-oa df tive 


- 


Ae Lack of knowledge as ‘to which oils 2 are a to boil over, as as well  . 


to be topped by oil; i city authorities and fire 

es tion engineers, in the absence of exact knowledge as to what emergency to — 
_ expect and how to meet it, have insisted on excessive clearance distances and _ 


-fire-wall requirements around oil storage. With a view to Sensing 


tests. these included 1 more than 1 000 miniature boil-overs 
(using: water ¢ most of the tests) directed against, 66 shaped 


“Ft 


Ed The: principal item of apparatus used was a wooden trough representing, at . ae 
as a scale of 1 to 14, a segment extending radially from the center of | a tank ' 

A 115 ft. in diameter (see Figs. 1 and 2). At the tan end of this trough was 
placed a box from which the boil- -overs be discharged by jerking open 
gate; the area of this box ‘was made considerably larger relatively than that eo 
a a segment o of the tank, with the thought that when a boil-over occurs, the froth- _ 
ing oil coming out of the tank is ‘generally driven b by the wind, so that most 5 
it is concentrated ¢ on one side of the tank. The box was made adjustable 
that the height from which the ‘ “spills” occurred could corre: 


sponding to different heights of tanks and d refinery receiving ‘ 
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in the trough. As. shown i in Fig. the wall i is at a corre-- 
- sponding to 100 ft. from the tank, this being common practice for walls sur- _ aq 


od -Tounding tanks on comparatively level ground. . A majority of the tests were 


‘made with the walls in this position; but data were also obtained for locations _ 
> (to seale) 50 ft. and 20 ft. from the tank. . Model walls of the following shapes a 


1, walls with a on 1. 5 side slope; bas 
4, —NModifications of the foregoing, using copings of various sizes 
and shapes (see Figs. 3and4). sd 
ope or 
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—Preliminary Tes s.—Some experimenting “was first done 
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A, Tie. ts ‘These tests are > described i in detail in the 


—Comparison of Standard Shapes. —The first main series of tests 


3 sie te ‘compare | the effectiveness of four of the most eesti’ shapes of wall 
in use. The results are summarized bir Curves 1 to. 5, Fig. 5. fiw. 
yal It will be noted that the curves for both shapes of earth wall, and for 
the plain vertical wall, are grouped close together, and have the same general 


shapes of wall depend primarily. on height alone” to stop the rush of water. 
Th is hei ight, in turn, must depend approximately ¢ on the total | energy of the 


‘ 1 on coming stream, for the impact of the entire mass of water acts to push 


_ the ‘topmost drops” to a maximum height, with little loss in turbulence up 7 
; to the time the spill takes place. As this total energy is approximately 
portional to the square of the weir height, W,* it might be anticipated that 


the necessary height of wall, ‘4, would vary ‘approximately with the: square 


7 of W. As a matter of fact, Curve 1 can be c closely represented by. the equation : 


tall In the case of the coped walls the situation is entirely different. Here, 
_ the principal part of ‘the energy is expended in turbulence and shock when 
rag the coping turns the wave back on itself. — The wall can be topped only ‘when 
ay the energy of the oncoming stream 1 is so great that all of it cannot be dissi- 


wart 


4.4 pated, and the remainder is sufficient to lift some of the water over the wall. 


‘Under these circumstances, as indicated by Curve 5, the height of the wall — 


t 
a 4 of ‘the weir. This result indicates that the efficacy of the coping as an 


dal energy absorber increases with the height of the wall and the violence of a 


+ needs to be increased only approximately in direct proportion to the tet 


wave—at least, over the range of heights covered by these tests. 


Observation of the > performance of the: model coped walls during 
tests showed that effect of the « coping is to turn all of the primary wave 
back ck inside the wall; almost no case did any appreciable quantity pass 


coped wall the first rush. The water turned back by the coping 
i” eventually piles up on that dppreaching from the tank until, 4 the velocity 


fo f approach i is spent, there is for the instant a head causing flow over the wall, 


In any actual tank field a wave of oil would be free to spread out sideways, 7 
and it is probable that the secondary wave which tops the wall could not form 


as in the ‘model where water is closely constrained 


cated pat these curves of Fig. 5 may be compared from two 

we With a boil- -over of given intensity, what height of each shape of 

ad wall i is necessary to retain it completely? The answer is obtained by reading 

eg from the curves of Fig. 5 the ees of different walls that will ‘stop a given 


“height o of weir” for instance, 33 i comparison of the results 


| is shown i in the top row of Fig. C. Re On, account of the steepness of the slope 


= hie The | energy represented by the elevation of the bottom of the weir r box above — 
board is not considered available, since it appears as vertical 


shape and steep slope. Neither of these ‘results is surprising, since e all. three 
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1G. 2.—FRONT VIEW OF TEST APPA 
CopED WALL IN PLACE. THE WALL Was CONSIDERED TO © 
_ Have StToppep THE WAVE WHEN Not ENOUGH © 
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pax Ry Wall with 1 om 13 Slope 

Wallwithloni Slope 

TARTS 


gi straight Coping 


___Vertioal Wall with 


. =i Wall with Lon 1% Slope 
and 4” vertical 
an "ve ACA rt 


Yee 
= "Wall with 1 on 13 SI 4 
Wall with 1 on 144 Slo 
‘Wall with 1.08 136 Slope 
2a and slightly inclined Coping 
Wall with 1 on 134 Slope 


For details see 
sketches at right — 


Lon 1% with 8” vertical Wall 30” from Tank — 


1 on 134 with 4 vertical Wall 30 from Tank 


10m 1% ae 45° 30” 


15 lon with 4’ at45° 30” from Tok 


11 only with 2 2 ” vertical Wall 30” from Tank 
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REINFORCED 
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- wall, corresponding to wo: ~~ 


EARTH WAL WALLS 

WALL 


Straight Wall with 2” vertical 30” from 


‘Models were made to represent a Tank! 80’ high 
i with C,L, of firewall 100’ from the shel] 


Tire fied: Ip Actual Scale used was 1:14; so that roughly 1=1 + fi 
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COMPARISON OF 
DIFFERENT SHAPES 
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of | Curves, 1, 2, and 3 of Fig. 5, a very considerable difference in height is ; 
“observed — the walls of different shapes" necessary to stop this | 34 in, 
e: it may be noted that a coped wall of less than half § 


height of the straight wall will be equally effective. 


VE SIZES OF WHICH WILL FULLY RETAIN A 344’ SPILL 


=. 
OMPARATIVE MAGNITUDE OF ‘SPILLS THAT WILL 


(0) With walls of the same height, iva ‘magnitude of boil-c -over — be 


stopped by different. shapes? middle row of Fig. 6 g gives this. comparison 
a "graphically for walls 5 5 in. “high. When judged by this criterion, 1 there is 


| 


compar atively little, "difference between the effectiveness of the sloped walls 


and o © of the x plain vertical wa alls; ; whereas, the coped vertical wall is almost | 


three times as effective as any other. | \ 


‘The outstanding feature of these two comparisons is the of the 
ean wall. This i is further emphasized by the detailed curves for the different 7 
walls shown in the Appendix (Figs. 17 and 18). Tt will be ‘noted that the 
a curves for walls with sloping sides (Fig. 17) ascend r ather steeply, whereas, 
fd, the curves for the straight and coped walls (Fig. 18) are relatively flat. Con- 
sidering, for example, the case of a 10-in. spill discharged against v walls, 5 in. 
aaah) it will be noted that 40% of this spill passed over the 1 on 1. 5 wall (Fig. 
FD, while under like conditions less than one-half of 1% passed over t the ver- 
tical wall fitted with a ‘coping (Fig. 18).. _ Thus, while. the actual “dry- -points” 


_ plotted on Fig. 5 are probably the most conservative criterion on which to judge 


ae. 
_ the different shapes, it appears that a a wall which permits not more than 1% of 


a. Pe. the spill striking it te to pass over may y be regarded as ‘satisfactory ‘under most 
es 7 conditions. | The curves on Fig. 19 have been plotted to compare the different 

_ shapes on this basis. _ it will be noted that the coped walls make an zi. more 


"Ele 
favorable showing i in comparison with the walls having, ‘sloping sides. 


ee (a) Extension on Top of Wall. a, method that has been used to some 


extent for ‘the of earth walls has been to place on 
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+i top of them a vertical extension consisting of scrap steel plates. The models — 
of walls with a 1 on 1.5 slope were equipped with such extensions 4 in. high | 7 
ti (representing an ac actual height of about st id » see model at the left i in Fig. - . 
The results are plotted : as Curve 6 of Fig. 5 will be noted that this exten-— a 
4 sion as in comparatively little increase in the affoctivences of the wall, a ‘ra 


it would 
% te desirable to tip extension in the tank instead it 
% tical. - This was accordingly done, with the results shown on Curve 8, Fig. 5. 


It will be ‘noted that this greatly increased the effectiveness of the wall. 
also, Figs. and 8. Tests were run using extensions sloped at both 30° and 
45° from the vertical. appreciable ‘difference in the results could be ob- 
“served. As the 30° slope would probably | be more convenient in actual practice, 
This 4-in. ‘ ‘coping” ‘proved so effective it was felt that an of 

"half the height (still: tilted back toward the tank) would give satisfactory 
results. This was tried, with the ‘results shown by Curve of Fig. 5. Ae 
‘will be noted that even this small 1 reinforcement materially ‘increased 


the effectiveness of ‘the wall, particularly at lower heights. The shape of this 
curve, indicating ¢ as it does that high walls will not stop such large boil- -overs a 
as low ones, is peculiar; but it has been carefully ‘checked and found to 
will be Ba ‘correct. The explanation seems to be that, with such a small coping, , the long — 
parison i " slope of the higher walls gives the force of the wave such a _ strong component 
there is, in an upward direction that the coping is less — to break it up, than when 
d walls placed « on a lower ‘wall with a shorter approach. 
ost discussing the practical application of “copings” at’ was sug-— : 
$ gested that if they “were ‘sloped back toward the tank at an angle of 45°, or 
of the 30°, ‘there’ might be danger that burning oil discharged against the base 
1ifferent of the fire- -wall in a preliminary ‘ ‘slop-over” would 80 warp the sheets that 
that the . _ they would not be in shape to function at the time of the 3 main boil-over. ae 
rbare of Tests were accordingly 1 run using the shape numbered “9” on Fig. 5,in which 
Con the coping was placed in an almost vertical position, with ‘a short lip at ‘the 
4 5 in top turned back ata somewhat sharper angle. Only one height of this shape a 


all (Be. was tried, as showii by a a single point on Fig. 5, but it will be noted that this -. 


the point is well to the right of the others, indicating this. shape was the 
“Most effective of those tested. (See, also, Figs. 9, 10, and 11; the “wi “wings” 


points” 
shown i in Fig. 11 were used i in testing the other coped walls, as it was ‘felt 


to judge 


n n 1% of that the « corner effect observed ‘in these models would not obtain in ‘practice — ' 
ler most and tended to obscure the real effectiveness of the different walls). 
different . results obtained with this model it is felt that a wall and coping of ‘the dimen- a a 
en nmr sions shown in the detailed Sketch No. 9, Fig. 5, would completely turn back 
_ a - the wave from the most severe boil- over likely to occur in practice, provided the rica | | 
_wall i is 50 ft. or more from the tank. tant ant ellige to oxo q 
to some Tt was next suggested that for reinforcing division walls between two tanks, | 


a vertical copin wit a horizontal lip 


ght is} 
34 inf 
n half f 
a | at 
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shape, using four ‘different widths of lip. . The obtained w vith a in. 
‘ (corresponding for the scale of model used, to a 7-in. extension on an actual 


coping) is plotted as the sir single point marked ‘ “10” on Fig. 5. ‘It will be noted 


4 that this ‘shape also proved. very effective, 80 that a ‘division wall of this shape 4 
with a 1-ft. plate at the top of the coping (giving a 6-in. lip on each side) 
—, can be counted on to turn back any boil-over, if the wall is at least 75 ft. : 
from the tanks protected. There conditions require that the wall lie ‘closer 


the tank, a wider lip would be desirable—perhaps with a maximum pro-- 
jection of 1 ft. on each side if the wall is within 40 or 50 ft. | Od 


a (b).—Auxiliary Walls” Close Tank.—A study of the behavior of the 


waves created in those different tests suggested that by breaking the force _ 
of the “wave just as it: struck ‘the ground the effectiveness of the fire- walls” 


would be Tests were accordingly made, first, with a small vertical 


wall placed 3 n. from the spill- -box (corresponding in actual size to a 


vertical wall a more than 2 ft. high, approximately 35 ft. from the tank 
The results are shown i in Curve 11, Fig. 5. 
will b noted that this small auxiliary wall had an influence 


increasing the | effectiveness of the ‘different types. Comparing ‘Curves 
. in it will be noted that j in the case of the higher walls the e same 


he rtical wall near the tank was almost twice as ‘effective 


as when placed as a coping on top of the ¥ wall. Since the auxiliary wall 35 ft. 
from the tank would be only about” 60% as as long | as that 100 ft. ; away, , the a 


siderably s smaller quantity of material needed for ‘the wall isa a further 


When 4in. strips were used (corresponding approximately to a 5-ft. steel — 
plate), this superiority of the closer wall was not so marked as far | as stopving j 


course, its advantage i in requiring less material still remains. 


_. Placing the auxiliary. wall close to the tank either i in a vertical position, 
or inclined back toward 1 the tank, seemed to make comparatively little differ- 7 


Curve 12 applies to a 8-in. vertical wall, and 1 Curve 14 to the ‘same e wall 
inclined at degrees. ‘Curves 13 and 15 give a corresponding. comparison 
Curve. 16 (Fig. 5) brings « out the fact that the auxiliary wall close the 
ae tank is just as much of a help to vertical fire- nanlle as it is to those inclined 
i 
8 to alonl. 5 slope. A 2-in. auxiliary wall close to the tank resulted in moving : 


Curve 3 ‘(for the plain straight y wall) out to. the ‘position of Curve 16, which 


shift emphasized the effectiveness of ‘breaking the force of the wave 


by. having an auxiliary wall close e to the tank. not 


bottom row of Fig. 6 gives a graphical comparison of the effectiveness 


of the different _types of reinforcement discussed. As indicated, main 


ee fire- -wall in each of these tests was a 5-in., 1 on 1.5. wall. Comparison | of ‘the 
x Be sizes of the spills mentioned, with | 1 that which the same wall without any rein- 


x _efgeeement: will stop (shown : as the first. figure of the middle row) emphasizes 
_ the value of s some type | of 3 hanentien: , to ordinary 1 on 1.5 walls. — mise ge 


@ 

— 

> 

— 4 

» 

4 


.ctual 
noted 


f the 
force 


rtical 


| 


> 


L AS IN Fig. 7 
-Towarp T 


_— 


WITH ADDITION OF 4-INCH CoPING SLOPED 
4NK. 12-INCH BOIL-OVER STOPPED. _ 
= 


Jae 


ag 


.—18-INCH BOIL-OVER COMPLETELY 


STOPPED, USING ‘“‘WINGS” TO ELIMINATE 


CORNER EFFECT. 


11 


Fig. 


cH 


RS. 


AT THE CO 


Enp oF 18-In 


= 


Ay 
al 
& 
4 
pa 
& 


MPLETELY 


Co 
— 


IL-OVER 


Bo 
§TOPPED.. 


NCH 


—15-I 


1G. 


— 


of. 

=> 


TACK, 


146k por 


4 


he 


> 


wR 


ad 


a 
te 
>) 


FIRE-BANKS FOR OIL 8 


_ ses —Borrow- Pits, Ete., , Close t to Tank.- —It was next decided t to see > whether 
a pit dug around the base of the tank in such a 


would strike the ground surface approximately ‘normally with, the idea: 
‘creating maximum turbulence), + would produce an effect similar to that of 


the vertical auxiliary walls.’ The floor of the model trough was modified to a. 
provide such a pit 3 in. deep; the are shown as Curve 8 of Fig. 12. 


‘The plain lon (15 wall is also plotted for comparison. It is evident that 


the: value of the plain: wall has been n only slightly increased by this’ arrange a 
«Tt we was then suggested that a low earth wall built just t outside the pit might 
increase its effectiveness. Curve 4 of | Fig. 12 (which coincides with Curve 3) 
gives the results for a pit | 2 in, deep with a 2-in. wall on the outside. — 


indicates that the wall on ‘the outside makes a 2- -in. pit as e effective as a 3-i “in. 
pit without the e wall; and, as be» the logical shape in which to place 


steep as ‘soil conditions permit. i ‘pial DE STIS 


Wall with Borrow Pit 
‘|p | ON PERFORMANCE OF 
1 ON 134 
84" FROM TANK 


on 14g Wall Reinforced ‘with 2’ at 45° 
and Borrow Pit near Wall 


to: 
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1 on 14g Wall with Borrow Pit cP 
T: 
Wz 


on 1% Wall with Pit 
Auxiliary Wall Dear Tank 


5 Lon 14g Wall with Gravel between 


Gravely, 


lon 1% Wall with Toe cut off 


"Maximum Initial Height. of Weir, Win oN 
which discharge is fully by j 
(d) .—Borrow- -Pit at Wall. —During progress of the tests interest 
expressed regarding the possible effectiveness of | a _borrow- on the tank 
side of an earth wall. 1 The floor of t the model trough was accordingly modified 


With results as indicated by Curves 1 and 2, Fig. 12. ty will be noted that — - 
pit next to the wall proved somewhat more effective than the 


considerably, increased the of a small . coping at the top of 
athe wall | (compare 2 with the dated curve for on 1.5 wall with 2 in. 
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Pape! 

his is a further argument in fanot ‘ob using a coping on top. of of C 

1.5 walls; for ‘there is generally a borrow-pit « on the tank side of such 
to th (e) —Rough ‘Surface Between Tank and ‘Wall. —In actual: practice the nah 
“space between the fire-walls and tank is sometimes cleared of weeds with ( 


a road 8% scraper, , which leaves the surface quite smooth ; in other cases, the weeds ? 


With. a ‘view to determining the influence of such a rough surface on 
paper was laid on the Learn of the e model Bay 


othe 
less. To scale, these bite gravel simulated clods shout 4 in. high. The and 
* - results of tests with this equipment are shown as Curve 5 on Fig. 12. It will § boil- 


— _be noted that the gravel had a marked effect in breaking up the force of the - spon 
wave, and this enabled a wall of given” height to stop a 1 much greater spill 


‘te dotted curve “Plain 1 on 1.5 Wall”), Tioe as | 
hie 


—Toe Cut-Of Off 1 on 15 Walls. —In cleaning up around certain fire- 
i. walls, it has been the practice to cut off ‘the toe c toe of the wall, o1 on the e tank | side, thes * 


leaving a vertical face about 1 ft. ‘Ahi gh at the base. Tests were ‘requested to 


determine the influence of this change on the effectiveness of the wall. | Curve 6 = | 
oo. Fig. 12 shows that, as in ‘the case of borrow-pits, this expedient, while it # 


move the curve in adds only slightly to the effective- 


(a).—Wall 50 ft. from Tank. —The model walls were next set in a position 


corresponding to ) a distance of ft. from the tank shell. The results 
a summarized by the curves s on Fig. 13. It will be noted that the different 
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Height of Wall 


Inches 
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ertica a 

Vertical Wall aa 

4 deep Coping 

3 5 Wall with 1 on 14 Slope 
vim and 4” at 45° 


WALL TESTS 
COMPARISON OF 
DIFFERENT, SHAPES OF 
PLACED 42” FROM THE TANK 
“Maximum Initial Height of Weir, W in inches, for which discharge dites ap to 
‘boto fully retained by Wall _ 
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At distance the effectiveness of the vertical wall, as compared 
with the 1on 1.5 wall was relatively greater than at ‘the ese -ft. spacing. On 


f ~ the other hand, the coping on top of the 


> 


— 

(| 
rt 

j 

5 

= dodt' si Ws 
of 
— aay 
pr 
— 


FIRE- BANKS ‘FOR OIL STORAGE 


‘marked increase in ‘its effectiveness as had been previously observed. This 
led to the suggestion that a heavier coping might be desirable; a comparison - : 
of Curves 3 and 4 of Fig. 18 indicates that doubling the width of the coping 


increased th the e effectiveness: of the wall by about 20 per cent. | ‘The coping on 7 
top of the 1 on 1.5 wall showed the same marked effectiveness : as in the e previous: 


(b).—Wall 20 | Ft. from: —When the walls were in 
a distance (17 in. 1.) corresponding to 10 20 ft. fi ft. from the tank shell, the oniererl 


in the behavior of the 1¢ various shapes were not 80 marked. | The curves on the = 


upper. half of Fig. 14 show the results when the boil-overs were discharged — 


from the 25-in. height used in previous tests (corresponding to a 30-ft. tank); 
and the data on the lower hee summarize the results of a few tests in which 


boil- overs were, discharged against low walls from a height of in., -corre- 


sponding to the 10- ft. “receiving pans” commonly used in ‘refineries. a 
44 
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ening ¢ of. fire- were e requested to determine the influence 
a small mound and borrow-pit at the toe of a reservoir slope. bi 4 
0 As was the case with the vertical auxiliary walls near the tank, described 


— Test 4(b), the mound at the base of the slope served to break the force 
me of the wave to such an extent as to enable a given height of main wall to 


stop a a much larger wave; or, conversely, with a given intensity of boil-over 

aH to stop, the main wall can be made considerably lower if the auxiliary parca 


built at the toe of the slope. anoitay edi to. 
bed Since a ‘relatively small quantity of earth is required t to build this mound 


(both on account of its low height and emall radius a8 compared. with 


i 


“4 main. fire-wall), the total yardage of earth required to obtain a given degree 
protection is 20 or 80% less when the mound is used, t than when ‘the 
4 main y wall i is built high enough to stop the wave > without an y auxiliary protec: 


6—Tests with 


was used on account of its convenience. “Howgren in n discussing some the 


an results, it was. suggested that it would be interesting to use a liquid that froths 
and expands | as it pours out of the tank, thus simulating conditions when 


and Mil 


- buming oil boils over. To accomp lish this, ‘it was decided to use weak foam 


ot It was s found when these solutions w were diluted, the ‘waves: 


seemed to act i in| much the same way as a. wave of frothing and steam- 


oil. 
relative effectiveness as when water was used. It is felt ‘therefore that the 


“results: of the water tests give a reliable ‘indication of the relative value of 


000 “hoil-o -overs” 
bination of walls) is the value form of or 
_ Probably the most important of those 


g, although a ‘Tough surface between the ‘tank 
and the auxiliary. walls and p pits will probably each have a “place. 

The faa application of this principle to typical oil- -storage conditions - 


is illustrated in Big. 15. Several concrete walls of the recommended fom 


have’ already been built. On most of these walls, however, ‘the coping has 
ee oh been made only about 4 in. wide. The tests have indicated that a heavier 


coping— say, Sin. _wide—will add considerably to the effectiveness" of walls 


ee which are fairly close to tanks; yor as this i increase in the width would add 


negligible amount to the cost, ‘it would seem desirable. 


indicated by the curves on Fig. 13, a wall 5 ft. high (model height, 


- ve «AB in.) with a an 8-in. coping is as effectual as a plain wall 9.6 ft. high (model 
height, 8.2 in.). <A 5-ft. coped | wall of ll of standard ae shape will require 
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i cu. yd. of concrete per lin. ft. at $30 per yd.; this would cost $7.50 per lin. 


uence 
i” 4 ft. A wall, 9.6 ft. high, would contain about 0.6 cu. yd., costing about $18. 


ribed From these figures it is apparent: that a given degree of protection for turning» 
“back a wave: will cost, only about. one- half a as much with a coped as with a 


force 
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4 REINFORCED CONCRETE WALL 
bea oft to od? 4 


waves 
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j EMERGENCY. CONSTRUCTION 


Plowed 


<7 
TOE OF RESERVOIR SLOPE 


MOUND AND. BORROW PIT 


even greater economy is effected by the use earth walls. 

Over these, on account of their sloping sides, waves have a tendency to pass — 
-Teadily ; but as soon as a 3 or re ft. coping is placed at the top, a wall 5 ft. 

high becomes much more effective than an uneoped wall 15 ft. high. (See 
curves on Fig. 5.) Where scrap steel plates are available for building | cop % 44 
‘ings of the general pa shown on Fig. 15, the cost will be very low. Eve 
where 1 new - galvanized-i -iron sheets have to be purchased, the cost figures indic ate 
that a given effectiveness can be obtained with a coped wall at about ot 
“quarter the cost of the high earth wall, ont to 
ods Where local conditions permit, a low » vertical auxiliary wall about 30 ft. * 
from the base of the tank is an even more economical method of ea 
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-t wave and robs it of the energy required to. carry it over a main oe 

it could. otherwise easily surmount. O On account of the smaller radius of this 8 | - 
auxiliary wall, only about 60% as much material is ‘required to. build ‘it asf 
for the coping on the main wall that would have equivalent effect. aon th kt 

- small mound 2 or 3 ft. t. high with a borrow- pit toward the tank, and the 


BO to these small auxiliary vertical walls; but on account of the relative ease 


with which the wave passes over a wall with sloping sides, the mound 3 is not 


me _ The: same principle of breaking the force of the wave just as it starts can 


e applied i in the case c of reservoirs by building a small mound just at ‘the toe 


the reservoir - slope. application of the same general principle 
consists of roughly plowing th the surface of the ground between the tank and. 
of. fire- e-wall. tests indicated ‘that this would » serve to break up the 


which ‘materially to the value of this. study has the 


possibility of applying the principle to emergency construction. . This was 
a illustrated i in a recent crude fire i in the Midway Field in California. Four 


tanks burned and boiled over, but the management was able to > save the 
wh 


a  pump-house and other buildings distant only about 160 ft. from the nearest 
4 _ tanks, by throwing up emergency earth walls against the back of which were 
“placed « corrugated galvanized-i iron sheets: which projected “several feet above 


war 


top of the wall and thus ‘provided a coping tipped toward the fire. These 


‘The teste: described were conducted by the ‘Staff of 


Oil Company of California under the direct Supervision of the 


onions ‘The | equipment was designed by Mr. A. Kremser, the tests were act 
- ite ually made ‘by Messrs. H. J. Berg and E. F. Post, and the results collated tr 

sand abe wall t the with probably y 


Theory of Model Application —Although it was never intended to make 

quantitative use of these model experiments, it was hoped that in spite of the 
4 small scale they would show relative efficiencies among themselves. A number 


exhaustive studies of the application of models to various engineering 


problems have been presented i in recent years. In their  paper* describing the 


with models of ‘the Gilboa. Dam, R. W.. Am. Soc. 
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the ‘model experiments here considered, the criterion of comparison is 
height of wall which will be topped by” various spills. ‘this height 


psa be approximately ‘geoportions! to the sc square of the velocity, and as the 
velocity, in turn, will be e in proportion - to the square root of the stale ratio, 


l- would appear that the results of these experiments will be approximately 
Ez direct proportion to the scale ratio; or what i is more important, will show 
approximately true relative proportions | between different tests. 


_ Performance of Apparatus. —In the first trials” of the apparatus it was 
observed that ‘considerable difference in the behavior of the wave resulted 
from: apparently minor variations in 1 method | of opening the gate. 


standard procedure therefore was adopted in which the operator stood ina 
certain place and jerked the rope hard enough to throw the gate > up with © 


The next. be investigated was the ‘proper criterion for 


dry. Tk was found, however, ‘that too 
7 


an 
much on accidental splashing when the wave hit the wall in some peculiar y 
and it: “was finally decided that the criterion should be the condition 
where not enough water ove over the wall to cause measurable 


To accuracy of the so- called point” thus determined 


wall, a series of 3 runs was decreasing the size of until 


the dry point was reached. ‘Several more runs were made after reaching 
this point with s still smaller ‘quantities, to make sure that these would be 
completely ‘retained by the wall. By placing at the end of the tail-board — 


pan discharging into a 5- gal. can, the quantity of water passing 
the wall in each. ‘test could | be measured. These quantities were plotted 

asa percentage of the total quantity discharged in any g given spill; and the 


of the curve thus obtained with the base. line “gave a ‘good 


check on the : accuracy of the dry-point found, The curves of Figs. 17 ¢ ad 18 = 
are typical 1 examples of these “percentage over”, ‘curves, ‘whereas the final 


Summarizing ¢ curves, Figs.-5, 12, 13, and 14, show only the dry points for 
the different sizes shapes wall. . As explained (page Fig. 19 
ul FS penpasen the different shapes 0 n the basis of 99% of the spill being aa 
other “preliminary starting the actual comparison 


ia different sizes and shapes of wall was to 0 investigate the effect of va 
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FIRE WALL TESTS 
WITH 1 ON 146 SLOPE 
_ Relation of Percentage of spill over 


wall to initial height of weir 


Comparison with other tests indicates 
that dotted curve for "oval ‘tore 


to be expected from t is wall 


Height of Weir W, in inches ons 10° 194 
7 
Relation of Percentage of spill over 
Wall to Initial Heightof Weir 
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FIRE-BANKS FOR OIL STORAGE 
the the spill was discharged Ai in 
Fig. 1). The relative effectiveness of different walls was found to be (within 


reasonable limits of experimental error) | essentially the same regardless of 

whether: the spill w was delivered from a high o1 r low box. Accordingly, it 

aude to run most_ of the main tests with the box set at 25 in. above the — 

floor, corresponds to an actual tank height of —this being 
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ELEMENTS: GOVERNING THE DEVELOPMENT OF 


HIGHWAY TRAFFI ot Babies 


* 
The purpose of this paper is to discuss the amount of future traffic upon 


FP tic highways and to compare this with the traffic capacity of a two- 


In order to do this, it is necessary to project what the progress is to be f 


in the future, and this is always fraught with many uncertainties. Even if 
is “the physical facts | on which to base a prediction are k known, social forces may 
not continue to act as in the past, and thus new conditions arise that affect 
vitally the results. = the facts are known, and the forces, both social and 
economic, do not sensibly change, then one may predict with» considerable 
assurance what the future may be expected ‘to bring forth. 
physical facts” “upon which highway traffic rests re the number of 
"vehicles using | the ‘road in a a given time, the road mileage made by these vehi- 


eles during some definite period, and the mileage of the system of highways | 
which the traffic moves. ‘Tf, through ‘a considerable period of time, 


aS these ‘quantities have persisted at concordant rates, then future values may be 


predicted. In the instance of highway use, the values thus found will be 

approximately true, provided the causes that create a desire for the use of 
4 the motor vehicle do not change. For the present purpose, it is ‘assumed 


“ that such v will be the case; . that people will not tire of the motor yehicle as as § 


a form of recreation; that, due to further congestion, increased traffic will n 
ans become t the means that will | Strangle itself. f. All that is favorable to the 


of travel by highway is to be assumed. With these conditions 


imposed, it is useful to endeavor to see what the e future holds in store for the 

7 As has been indicated, the density of traffic over a system of roads depends 
on the vehicles 1 using the system. in a given time, together with the mileage 
made by these vehicles i in a: limited period, and the number of miles of f high 
may in the system, The total number of of motor vehicles i is known. i The average 
mileage per year per vehicle is variously estimated « at 4000 to 6000 miles 
Based | on the gasoline consumption of the vehicles in certain localities, | the 


travel is” about 5 000 miles ‘per year. the 


vehicle- or an “average daily traffic of nearly 800 000 000 vehicle-miles. 
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is traffic, | as every one knows, is a fax from evenly distributed over the approxi- mei 


nately 2 2 500 000 miles of highways throughout the country. The bulk of the 


= 


pecs that 15% of all highway traffic is Mandell: on 10% of the —— 


) From these figures it is found that there i is imposed - the main road systems" 


me Since 1917, under the direction of John N. Mackall, M. yore Soe. C. E, 
/hairman and Chief Engineer of the State Roads | Commission of Maryland, 


traffic counts have been made at regular intervals at approximately 2( 200 count-_ 
two- | ing stations on the State Highway System, which « comprises very nearly 10% 
a of the total road mileage. From these traffic counts there has been compiled. 


dl be ‘the average number of vehicles per mile per day ne each year since 
may f In Table 1 the results thus obtained from actual traffic counts are re - 
with the amount of traffic as computed : from motor-vehicle registration as 
“previously 0 outlined. ‘Iti is seen from an examination of this table that the « a 
| puted results. are not widely divergent from those obtained from actual traffic 
counts and, at least, establish the fact that the amount of Biche ta 


is a linear function of motor-vehicle registration. 

TABLE -1—Comparison OF Trarric Density as CoMPUTED FROM. Motor 


7 15% OF THE TRAFFIO TO 10% oF THE 
Toran Roap Mieace (OF THE Unirep > States, WITH THE TRAFFIC ‘Dexsiry 


‘THE State Roap System or MaryYLAND, . AS Founp FROM Aoruan TRAFFIC 


AVERAGE NUMBER OF VESICLES THROUGH THE PER MILE, PER Day. 


uted for the United States.| land State 
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Fis 


a May limits be to this highway traffic? be reached 


the j increase in- traffic would be at the same rate as the comparatively slow 


Increase in population ? As the number of motor vehicles isa | prime factor 


in this calculation, an answer may be. found if if a study is : is ‘made « of the motor- 


“vehicle registr 3 Bek Mer , ped SOR] Bear 


is logical to assume ‘that ‘eventually the limiting number of motor 
vehicles pe per population will be reached, and when such a a point ig meee 
the rate of inerease of the m motor- vehicle curve will be equal to that for ae , 


Population curve. 
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ion curve. These curves Live platted o a semi- ‘logarithmic scale; thu 


the same rates of increase for each curve will exist at those points at which 


1. When the motor-vehicle registration curve becomes 


— PMENT OF HIGHWAY 
| 
— 
3 | 


OF HIGHWAY TRAFFI 


"motor vehicles been does ‘this occur? ta 


Bah To assist in projecting the motor- -vehicle registration curve hana the 


current year, the number of ‘persons per automobile is. perhaps the most 


direct method of arriving at an answer to this question. yy. 


ag In Fig. 2 a curve has been platted that shows the number of persons per . 
~ motor vehicle. for the past few. years, It i is noted that the number - of pe persons “ine re 
per automobile in 1919 was 14; in 1924,. 6.2. In California, in 1923, the 
number of automobiles per person, according to statistics published by the 


National Automobile Chamber of Commerce, reached 3, and in Towa, 4, a 
ing from these values to 19 persons per motor vehicle i in Alabama, the average 


for the » United States. for. that year being 1. ee It i is difficult to imagine that 


an average of less than 4 elite Der automobile will be reached. A continu- 


| _ NUMBER OF PERSONS 
“IN THE UNITED STATES 
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au 


1919-1920 1921 1923 1924 


ation of the 2 indicates that probably not than 1926, and 
‘more | likely about 1928, this point may be reached. On this latter assumption, 


the registration curve in ‘Fig. has been drawn, indicating a ‘registration in 
128-6 of 29000000 motor vehicles. ter that date, the rate of increase 
2 shown as directly proportional to the i increase in ‘population. Tt ‘is 1 to be 


5 kept in 1 mind that the assumption t that has been made i is based on a / continu | 


ation of the desire to use motor vehicles that exist to- day; : and as it is the 

intention to outline maximum conditions it is not necessary to consider what 

‘May happen from. causes that, would tend to reduce the amount of traffic. 

An estimate of the average daily traffic to be expected by. 1928 rom. 
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reviously, | it is, concentrating 15% of the traffic > on 10% of the road mile- 
age, which , gives an average daily traffic of 1 500 motor vehicles per mile. — 


mileage of improved roads is constantly increasing, many sections 


roa ads now traveled by a comparatively small number of vehicles will experi- 
ence, when _ improved, an increase in traffic. This will been drawn 


tendeney to spread traffic over a larger proportion of the all of 


should have a to reduce the density of traffic 


~ all the factors and from. the estimates made from these 


factors, it would ¢ seem to be safe to state that ‘the highway 


on to carry in eXcess of an average daily traffic ‘of 1 500 vehicles per "nil | 


ry Every, one can recall many evidences of traffic congestion and find it difficult 


to believe that amuch 3 more traffic can be handled ‘than at present. a This un- 
doubtedly - is true of some sections of certain highways where traffic ‘concen- 
trates. These particular sections of roads do carry to-day nearly their capacity 
and frequently are taxed much beyond it; but the mileage o of these sections 


of highways, 50 congested, forms only a small “fraction of the total mileage 


a. It is profitable, therefore, to make some comparison of the t ultimate capacity 


6. of highways for the widths generally built at present: with 1 what has been set 


as the limit that may not be much exceeded for many years to come. 7 ‘The 
- majority of highways on State highway _ systems provide for two lanes of 


_ traftic, and the traffic capacity of a two- lane road can be closely ascertained. _ 7 


First, consider the question of the “number of 1 vehicles s that “may pass a 


- given point ina single file, or what may be designated as ‘the total discharge 


of a single lane of traffic. i It is s evident ‘that this. number is “dependent on 
the velocity and the spacing or intervals between the vehicles; the vehicles 
to be considered as practically of a fixed length, which, for the present pur- 


pose, may be taken as 1 ft. - | Expressing t the velocity i in miles per hour as V, 
and the clear distance between in in feet as 8 the total number of 


_ in which, 15 represents the average length, in feet. juods 
oe ett Iti is known from observation that as the velocity of the vehicles increases, 
the spacing is varied. Whether this variation is directly as the velocity, or 
Re Si, some other function of the velocity, is difficult to determine with any al 
_) is sion. fi: ‘There i is some evidence, | however, to indicate that the e spacing between 


vehicles varies approximately as the square of the velocity. 


ring ‘special ‘rush on the Washington- Baltimore 


“average re spacing of 50 to 60 ft. of a is 
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15 it. , and that the clearance varies thee square | of the svelte, the number 


to zero, it is found that 
pate, a maximum when V T= 1 15, that ‘is, the interesting result is obtained — 


“that, if vehicles are spaced according to the square of the velocity, the maximum — 
vehicle’ discharge will occur at 15 miles ] per hour, which, for a ‘single line of 


traffic, equals: 2 640 vehicles per hour. OOF YT ae; fo | 
_ The traffic capacity of a two- track highway was observed at a number of 


different points on the Washington- Baltimore Road on ‘different. days during 
a special rush of traffic on the  oceasion of of the Laurel Races i in October, 1924. 
v ehicles were counted at 5- “min. and | sometimes 10- min. intervals, through the 


peak c of the traffic. " _ Whenever the road became congested, , a note was made. 
It was considered to be congested a faster moving vehicle could not 
vacity conveniently. pass a slower one. _ As typical of these records that made on 


October 25, 1924, is given in Table 2. 
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This count began at 4: 30 P. M., the lowest number of vehicles recorded 
reases, 
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"observed to be ‘congested. From the ‘stream of 
Rorth, which was moving at an average ‘speed of 25 to miles per hour, 
vehicles could not. turn out readily and pass a slower moving vehicle in front. 


condition occurred wen the traffic was 800 and 1000 vehicles. 4 | 
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Ww ish ental noted that for a a traffic of 1368 vehicles p per hour, of which approxi- 

mately 90% were moving | in one direction, the road was uncomfortably 
(Ons another occasion whess the traffic a rate of 1 296 vehicles 


was not It should be stated that the 
were made by a number of recorders, _ py 16 te 


Lond At a s speed of 30 miles per hour, based on | the formula as peovionaly stated, 


‘tet onnlen observed was 1 500, the average se being noted as 30 miles 
‘pers hour. Therefore, the e actual spacing between the vehicles (185 ft. i) was 
considerably greater than that provided by the formula which assumes the 
spacing to vary as the square of the velocity, in which case vehicles would 
have a of 60 ft. While the ‘spacing was not the ‘mini: 
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m these onditions, the conclusion is reached that ‘two-lane road m mat 
mixed 
"traffic, the faster traffic having opportunity: to overtake and. pass the dow 
moving vehicles ; and that. for oc occasional peak traffic it. will discharge readily, 
with traffic moving at an average speed of 25 miles per - hour, at least to 1 600 
The next question is, what may be an average daily traffic if the recurrett 
“4 high traffic load is not to exceed 1000 vehicles ‘per hour. ‘This involves tie 
diurnal variation of traffic, From results. of various traffic studies, ‘trafic 
he in the mid-forenoon and’ late afternoon is 80 to 50% more than the averast 
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traffic.* The hourly average is shown as 100 per cent.) © 


vehicles are to. represent the recurrent daily peak traffic, the average hourly 7 
traffie should be taken at approximately 600 to 700 vehicles. For a 12- — 
hour day, this would give an average daily traffic of 7200 vehicles, which 


can be accommodated on a two-track road without congestion. _ 

ar, the seasonal variation of traffic must be studied. In the 

| vicinity of Baltimore, which is perhaps illustrative of many sections, it is 
found that the average daily traffic, during the period from J une through © 


| October, is about three-fourths greater than the average daily traffic for the 
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ated, 
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pe "| year. (See Fig. 4, which shows the seasonal variation of traffic near Baltimore, — 4 end 
platted as percentage of daily average, shown as 100%, for 1917-18-19-20.) 
vehicles per day is to represent the high seasonal average, then the yearly 
s thee average should be taken at 4000 vehicles per day, that is, there may — © 
woul’ throughout the year an average daily traffic of 4000 vehicles per day without eu nd Noe 
ste. causing congestion on a two-track road, allowance being made for the general ¥ 7 -_ 
increase in traffic due to seasonal variation and for the normal increase due 
| 
| 
. 
ing mileage of improved side roads, as well as extensions to the State roads 
ave 


DEVELOPMENT OF HIGHWAY TRAFFTO 


it is not reasonable to expect that any general congestion 0 of 
traffic will occur for many years to come. Congestion, however, will continue 
imereasingly to occur ‘at certain points where traffic tends to concentrate, 
until: the forces which attract traffic to these centers cease to act. ‘It may well 
be that the very congestion itself will cause such a point to be no longer a 
center of attraction. The traffic will stifle. the very” thing that attracts it. 
: This is happening and will happen again unless means can be found to prevent 
a. continued 1 congestion by additional roads, wider roads and streets, the disper- 
‘sion of. certain business activities, and, in general, the providing of a greater 
; a _ On the whole, however, engineers al are proceeding wisely and su ufficiently 


‘ in ‘the design of the larger proportion of the mileage of improved roads if a 


two- a e width is provided. fon % ‘in Po 
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‘THE EFF ‘ECT OF MOISTURE ON CONCRETE® 


"4 
y W. K. Harr,t M. Am. Soo. C. 


This paper reports investigations conducted by Engineering Experiment 


Station of Purdue University i in co- operation with the U. Ss. Bureau of Public ? 

Roads, and reviews ‘the literature on the measurement of the volume changes» 


a “non- -uniform distribution of moisture, to give a basis for estimating» 


“sible initial stresses. The tests also yield data of expansion and contraction 
of conerete, useful i in the design of concrete structures, 
The investi ration was divided into two sections, namely: meee Observations _ 
6 


e concrete road slab, Ti in. . thick, 18 ft. wide, and 25 ft. long, 1 resting on a 


porous sub- grade, covered with a tent and housed i ina shed to control the dis-— 


tribution of moisture and the effects of temperature ; (2) tests of strength and . 
length changes of small beam units, some partly : and | some uniformly saturated. 
Slab While Drying —A fter ¢ curing under water the slab was dried by dr 


culating air - both above the slab and through the sub- grade. The more rapid 
drying of ‘the top surface warped the : slab to a ‘maximum upward deflection of 


0.12 i in. at the corners and 0. 04 in. at at the unbroken edge during a period of = 
days, after which time > upward movement ceased, the shortening ¢ of the ob a - 


being 0.0075 per | cent. After 3 months of further drying, the slab had become ql 


approximately uniformly dry throughout its depth and substantially level, with 4 

a diagonal shortening of 0.0210 per cent. haw BIT 


Slab Saturated on the Bottom. —In orde er to saturate the of the slab, 
“water was then introduced to ‘the level of ‘the top of the gravel ‘sub- grade. 


SPELL 


During: 110 days of saturation the slab again warped upward 0. 20 in. . at the iA ope 
and 0.066. in. at the unbroken edge. Simultaneously, a diagonal 
B shortening of 0.070% took place in the top face of the slab, of. which 16% 


J occurred in in 2 hours and nearly all in 2 days. + The shortening as caused by the a” 


force | of the saturated lower part of the slab, and occurred without 


a change i in moisture content « or temperature of the top ‘layers. Assuming | an 
elastic condition and a modulus of elasticity of 5 000 000 Ib. per | sq. in., a com-— 


Pressive stress of 350 Ib. per sq. in, in the top is indicated. “The level 
k the water was finally raised, but py concrete at the bottom apparently had = 


tb “become i impervious and no further warping occurred. Then the surface a vas 


covered with saturated burlap to simulate the effect of prolonged rain. Gis ae 


9 * Presented at the meeting of the Highway Division, New York, N. _¥., January (22, ome 
Prof. of Civ. Eng., School of Civ. Eng., Purdue Univ., Lafayette, 
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Daily changes i in the temperature of the slab resulted in differential warp- 

a ings, depending on 1 the d degree of saturation a and the temperature gradient. A 


# - typical daily. change in air temperature above the slab of 42° Fahr. resulted in 
7 a variation of 8° Fahr. from top to bottom of the slab. — ~The accompanying 
a _ downward \ deflection of the corner due to this warping was 0. 023 in., and the 
ce. expansion of the surface, ( 0. 0015 per cent. The r movements due to this. warping 
may be compared to 0.20 in. deflection and a shortening of 0.0057% due to the 

’ So Loading tests were made on the ¢ corner of ner of the ‘slab ) for three conditions of 


A i. The B Beams.— = —Tests were conducted on concrete beams 4 in in. by Tin. by. 4 ft.; 


uniform moisture distribution. The transverse betel was determined for 


dry, saturated, and partly saturated beams. 


‘Beams saturated had a strength ranging from 80 to 85% | that of 


. ple hs dry beams, ‘the average value being 82.0 per cent. - Compression tests of wet 
, + concrete cylinders exhibited a strength of 75 to 83% shin of dry cylinders, the 


average being 7 er cen 

Certain beams, previously dried from 3 to 4 months, were “warped 8 


Ins 8 o doing the dry face was compressed for. a ‘small depth 


of saturation, and for medium and for maximum saturation. (See 
Dit do iy odt bug otulatour motiu, 
rte: The dry face was tested as the t tension face in a transverse flexure test, 
As The variations in transverse strength for these various moisture conditions have 
expressed. in percentage values, 100% representing the completely dried 
s - Specimens. | The beams having a low depth of saturation and a shortened dry 


face exhibited a strength of from 109 to 127%, or an average 0 of 118% ; for 
medium saturation and’ slight extension ‘of the dry face, the strength varied 

from 83.6 to 96. 5%: or.an average of 88. 1%; 03. saturation and 


greater extension of the dry face the strength was 80. 7 per cen ae 

an When ‘the wet face was broken i in transverse flexure these values became 

83. 5, ‘11. 3, d "6. 6 ti ae TSq To one 

an 

Lp Volume Changes of Cements and Hombres —Measurements, begun 2. days 


4 after ‘moulding, of the volume changes in specimens of several brands of neat 
$ Vi UC if AYRE 
_ cements varied greatly. Expansion i in water during 10 days was from 0.03 to 


0. 056 per cent. Contraction i in air one 90 days ener to immersion 

was from 0.052 to 0.142 per cent. 


Gravel concrete, 1:2: 3h “(Cement F), expanded 0. 005% “during 40 days 
in water, and conte 0. 041% during 90 days i in air and 0. 050% during 30 


days in an oven. Gravel concrete, | % 1}: 3 (Cements A and D), _ expanded 


. 005% in water, and contracted 0. 015% in air and 0.0225% in the. oven during 

same periods. an 


unequal moisture, distribution, with ‘subsidiary: tests deseribed in this 


were uniformly wet, some uniformly, dry, ‘and. ‘some warpe by. ‘non- 
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sitianiiasiainialiiih by A. T. Goldbeck, Assoc. M. Am. Soe. C. E., Chief of the 
_ Division of Tests and Investigations, of the U. S. Bureau of Roads, as a part of — 


a co- operative work between the B Bureau, T. _H. MacDonald, Chief, and | the 
_ Engineering ‘Experiment Station of Purdue University, Dean A. A. Potter, — 


+ ae tests were made at Purdue University iio. the supervision of the 
g writer and Professor R. B. ‘Crepps. Mr. A.C. ‘Benkelman was in direct charge, 
| 4 assisted | by Mr. E. Gustavsen, both of the Staff of the U. S. Buréau of Roads. — _ 

. Mr. R. E. Mills, of the Engineering Experiment Station of Purdue University, 


assisted from n time to time. Special acknowledgment should be m made of the 
painstaking ‘ care i in observations. and the devotion to the t tedious program of. 


~The maximum distortion (including deflection and ‘fiber deformations) 


il dnetd:i in a concrete road. slab 18 ft. wide, 25 ft. long and 7 in. thick by a 


2—The effect of moisture changes on the modulus of rupture com- 

pressive strength of concrete, determined by subsidiary tests on (1) beams, 
Ai in. by 7 in. by 4 ft., and (2) cylinders, 6 in. in diameter by 12 in. long. 
= .—The volume changes in the concrete banat specimens due to exposure, 


including wa warping due to partial saturation. _ 


‘The number of observations involved i in ‘the: entir 


Deflection 


Dzscrrprion oF or THE Test Su: 

.Oin. 

ft. 0 ag 


“long, doweled joint. ‘sub- grade, consisting of a 
4in, layer of coarse gravel, was held in an i impervious wooden sub-base, the 
sides of which extended a above the surface 0 of the slab. - 1 The slab was housed in in = 
| shed and further protected under « a tent. _ Figs. 1 1 and 2.) It was cast on = 
September 12, 1923. The ‘subsequent treatment wa was s as follows: : (1) Cured 
under water for thirty days, until | October 12, , 1998; (2) the water removed re 
dl and the slab dried for 188 days, until May 28, 1924; (3) the sub- grade satu- ee 
for 108 days, until: October 20, 1924; and (4) the top covered with wet 


mixture of two brands of standard Portland cements, and 
aq in one half-section of the slab and a single brand, F, in the other. The results : 
Whe usual standard tests of the comenht am givenin Tabled. ulsai 


the word “dry” is used in this paper, it. of hardened 
Concrete and not to consistency of Concrete. = 
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N CONCRETE 


EFFECT. OF "MOISTURE 


G 


"PERCENTAGE, 


oF SETTING. 2 Tema: G@ramers. 
IN PounpDs. 4 


Normal 
08  consist- 
= 


A and D mix- subs Bo sat 


ture, egual| ‘he 


‘The aggregates were washed sand and gravel from the Western Indiana 
Sand and Gravel Company , at Lafayette, Ind. 
=. _ The results of the sieve analysis and miscellaneous tests of ‘the : aggregates 
are given in Table 2. 4 ad to 10 


ne 
r 
28 days. 

[ 


tage 


ercen 


Minutes. 


mesh sieve. 
Hours. 


retained on 200- 


Coarse Aggregate, Unit Weight = 102.2 5 per cu, ft. 
Fineness Modulus of Coarse Aggregate 7.32 | 
Fineness Modulus of Fine Aggregate 
Fi ineness Modulus of Combined Aggregate 
‘SIEVE ANALYSIS OF GRAVEL, 


‘Toran ‘PERCENTAGE RETAINED ON EAcu Steve. 
jn. 8 in. | No.4 | No.8 14| No. 28| No. 48 


PERCENTAGE RETAINED ON EacH SIEVE. 
| No. 8 0.8 | No, No. 48 Ne.) 


_ The coarse aggregate was separated into three sizes: Between the 2-in. and 

in. screen: ; the 4-in. screens ; and between the 4- “in. and 
-in. screen was ‘then recombined in such proportions a as to § give 
maximum density according to Fuller’s maximum density curve 2. The con- 
“sistency of the mix was checked | by the slump-cone method. All 


banal 


Bs: The properties of the concrete are listed in 1) eee 
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“Bia. 1.—GENERAL or ConcrRETE SLAB SHOWING TENT COVERING 


MEANS OF SATURATING SUB-GRADE. 


~ 


‘TABLE 3 —TEstTs oF CONCRETE. 


Percentage of voids = 10.4 
Percentage of absorption weig = 4; 

AVERAGE WEIGHTS © OF Bora ConcrerEs, Pounds PER CUBIC Foor. 

 Oven-dried Immersed in water to Air-dried in laboratory 


Expansion and | ontraction of Cement s.—The changes of six 

brands of ‘cement ‘and the concrete made from certain | of the brands were 


q 


“measured. using Berry _extensometers, ‘The specimens | were 2 by 2 by 24 in. 
for neat cement and 4 by 7 in. by, 4 ft. 0 in, concrete. ‘a Measurements 


began two days after. moulding with previous ‘moist- chamber storage. 


results are shown in Table 4 and in ‘Figs. 3, 4, and 5. oan ar. 


TABLE EXPANsioN AND ConTRaction oF Neat CeMENtTs AND CoNCRETES. 


> 


of for normal con- 

_ sistency 
7 Percentage retained in 200-mesh sieve. 
Percentage of expansiun in water, 10 _ Ae 


-+0.056 044 040 


Percentage of contraction in air, 90 
days (subsequent to immersion)... 
Total percentage of change 
ONCRETE: 
concrete, 1:29:38. B: 
40 days in water 
% days in air 


mie 2. 


+0, 0050 
: 0.0150 
days in water, 90 days in air, 20) 

40 days in water, 90 days in air, 80 

days in ove 
De 


the ‘measurements "began at the time the specimens: were © moulded) 
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Percentage 
Absorption 


“CONTRACTION OF 


| | AIR DRYING 


Contraction § Expansion 


Percentage 


= 


8 90 110 120 130 140 150 160 170 180 190 200° 
"eg — length, in the quantity of water required for standard consistency, and in the 
fineness or percentage retained on the 200-mesh screen as noted in Table 4. 
The basic water been. defined by ALN. Talbot, Past- President, 


= Soe. 0. E., as the percentage e of water at which the voids : are a ‘ minimum 


‘The neat cement prisms in water ‘nearly ten’ 


Change in Length 
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OVEN DRYING oil 
AT, 150°FAHR. 
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or F MOISTURE ON ON CONCRETE 


“times | much the oo beams; in air, they contracted five times 


7 Expansion Due to The of temperature exp expansion 
of two concretes was measured, with the results shown in Fig. 6. The coeffi- 
cient varies in amount depending on ‘the temperature, ranging from 0.0000040 


per Tre ahr. to to 0.0000065 at a temperature of 150° Fahr. _ The - specimens were 


a in an oven previous to testing. a In Fig. 6 is s shown the thermal coefficient — 
of “expansion of several concretes. ‘The temperature of the concrete was 
obtained from blank beams in which were thermometer wells, consisting of 

“pipes filled with light paraffin oil. The thermometers were gradu- 


ated ‘to one-fifth of a ‘Reading from the left, the chart covers: 


ercenta 
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20 24 28 32 36 40 
_ Three beams, 6 in. by 8 in. by 4 ft. 0 in. 1: ie 31 mix, age, 2 months, cured 7 


under wet burlap during 30 dried in ‘the oven at 150° ‘Fahr. for 21 


days, The beams were taken from oven ‘and readings taken at inter- 


of 20° Fahr. as the temperature dropped. Four. cycles. were read on as 


Many days; (2) beams, Ti in. by 4 in. by 4 ft. 0 in., 1:2 :3 mix, age, 
mor ths, kept immersed in water the temperature of which was varied and held 7 
“constant 2 hours before observation ; (8) three beams, 4i ‘in. . by Ti in, by 4 ft. 0 in., ih 
3 mix, age, 9 months, ‘cured. under wet burlap fo for 14 days, oven- 1-dried 
1 ‘month, and air- -dried for. ve’ months; ; the beams were moved from the 


warm laboratory air to the cold air of a shed; and (4) two beams, 4 in. by 6 in. 


3 by 4ft.0in., 1:2 :8 mix, age, Samant: wet burlap ) for 14 days, 
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ow 
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xy: norm ‘These curves indicate at the variation of coefficient of thermal expansion 


varies with the temperature range under observation. - The thermal ‘coefficient, 


expansion the: several brands of tested neat was as given in 


Brand. out i ti Dryinair Ender water =~ | 


0. 0000084. 


0000090 
0.0000089 
“0000088 
00000085 
0. 


A series of tests, subsidiary to the ‘road slab, on. beam units and | 
ylinders has included a study of the ‘following: q 


changes 1 resulting from: x 


—Continuous exposure to air in n the 


-1—Decrease due to uniform saturation. “a 


2. —Changes due to age and treatment. 


vat) 
—3.—Effect of fussing temperatures on and d ry concrete. 


1.—In Increase due to age and treatment on strength. 
—e size of the one sabietbialie was 4 by 7 in. by 4 ft. 0 in 


a ¥,- In the initial series of tests concrete similar to that of 


investigated, namely, a 1:15:3 mix, , using Cements Aa id D. Ina a later 


Length Changes of Beams. —Measurements of changes in oe h of the 
belh due to moisture were begun two days after moulding. A 20-in. Berry 
strain-gauge, used in 2 the measurements, was ‘compared to 
steel bar, maintained ata constant temperature. Six gauge lines” were set 
in each beam, three | on the top and three ~ the bottom. The results are the — 

beams. Al 


‘fluence of temperature were made from observations of the temperature of 
ext mer 


two auxiliary. beams, the thermal coefficient of which was previously measured. 

a Figs. ‘T and 8 show the percentage changes in moisture content and the 
"corresponding change i in unit length of the concrete. The 1: 2: concrete, 


average of ‘measurements: on at least four beams. Corrections” for the in 


, Cement F was used, the mix being 1: 2:3. 


standard ‘Tnvar | 
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on Cement F (Fig. 7), expanded 0. 0050% after a continuous curing under sat 


_urated for 40 days. an ir. Th 
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OF MOISTURE ON CONCRETE 


THERMAL COEFFICIENT OF 
EXPANSION OF CONCRETES 
AT DIFFERENT TEMPERATURES 
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ercentage 


— 
CHANGE IN LENGTH WITH 
CHANGE IN MOISTURE 
~ CONTENT OF CONCRETE 


Conerete Beams 4'x 4 Jon 
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EFFECT OF MOISTURE ON CONCRETE (Papers. 
A and D (Fig. 8), expanded 0.0050%. after a 
miler curing” for 40 days and contracted 0. 1.015% a after 90 days in air. “ Thus, 


onsiderable variation is evident in the degree of length change of tl e two 


concretes ai as affected by the character of the cement. 


6 


Changes 3 in n length, and weight ‘and the amount of rainfall, were observed, as 
Pg shown in Fig. 9. rte A maximum contraction of 0. 038% ‘occurred in 5 days. 


i. 


Beams of similar concrete exposed to the a air of the for the 


Lo 


| CONCRETE EXPOSED TO WEATHER 


Contra 


Rt 


4 30 90 100 no 130° (140 «(150 


The beams were tested: @) by at the third 


the span length being 42 in.; and (2) by loading them as cantilevers. 


_ In the former case, the deformations | of the top and bottom faces were 


measured by 10-i -in. Berry strain- -gauges ; ; in . the latter, one end of the beam 
was: fixed between the bed and the movable head of a testing machine and — 


_ broken ‘near the section of support by means of an attached Sober arm 5 ft. 


a “ee in length. In this manner a number 0 of sections of one beam may be broken 


"consecutively. ‘To load the testing machine shot was allowed to flow into a 
bucket. ye The halves of the beams broken under the third-point loading were 


Fig. 10 shows values of a series ies of tests: on concrete 


is tested i 
aa ice. _ The percentage relation is based on air-dried concrete. ae i ae 
In Fig. 11 is shown the effect of age and moisture on transverse 


of beams. ‘specimens were cured continuously pusly under wet ‘burlap 
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EFFECT ¢ F MOISTUR ON CONCRETE 


‘same quantity of water by weight. ‘The latter, hhowevte, a are 19% 


| Re lower in 1 strength on a direct basis than the former at an age of | 90° days. All = 
the specimens were made at the same time, and then « exposed to varyin con- 
he 


ditions. Each plotted point in Fig. 11 represents the average of twelve tests. 


EFFECTS OF SATURATION AND FREEZING 
ON THE TRANSV TRE 


d, |, Thawed Out! 
Lisl 


as compared 


tage Strength 


Percen 


les. that are air- dried, but ‘saturated. The of 


specimens, however, indicated ‘uniform ‘moisture 
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Moisture Conten 
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— E ON CONCRETE 


ad pressometer, with the results. in Fig. 12, which checked the findings i in 
case of, the beams. Each. plotted point represents the average of 


“aa 


__ Aggregate failures occur. with, consistent regularity i in the case of — 
air-dried -dried ‘specimens, likewise with s specimens eured continu-— 


ov GVA 10 2TD 
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ously under damp burlap; in the ease of t the saturated concrete, however, . the es 
f are invariably due to bond between the’ mortar and the 


rad 


Resutts or Tests or 


it ethod of Teste— —By means of perforated pipes in the gravel fill and an 
gir- r-pressure system, a dry ‘sub- -grade was finally” obtained. Warm dry air was 
maintained above the slab in the tent enclosure. could also be intro- 
Previous to the construction of the ‘slab, marks for the 
support of deflection beams - were ie 4 ft. 0 in. below the level of the ground. 
‘Rods extended upward from the bench-marks through pipes set in ‘the ‘sub- 
grade and slab. The s slab and observation be s shown in Fig. 1, and in 
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gauges. Deflections 1 measured with Ames dials to 0. 001 in. 

Non- Uniform Drying. —Following the curing period (immersion 28 
hot dry air was forced under the ‘slab through the perforated pipes 


in the gravel fill by ‘a pressure fan; simultaneously, a drying atmosphere was | 


= maintained above the slab in the tent enclosure. Observations of the subse- = 
quent deformations and, deflections were e taken at bes Biss 
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EFFECT OF MOISTURE ON CON CRETE 


_| DECLECTION OF TESTSLAB. 


1928 ly saturated (initial 


Ang. 27, 1924 position, wet, subgrade 
AS 


ee 
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Percentage Shortening 


Period i in Days of Subgrade i in Days 


— tiv 5: 

Se 
AN ‘| | Top Covered with [ | 
se 
PLO 


occurring in the upper was mani- 


«all 
= of 0. 04. in. . for the 1 unbroken, edges (at Point 2 , Fig. rts and 0.12 in. 
for the corners (at Point 1, Fig. 14), was attained at the end of 40 days. 


The subsequent return toa warped or uniformly dry condition required 

the 6 5 months. A slight permanent distortion, as shown at Point 3, , Fig. 15, rep 

"resenting the diagonal profile previous to the saturation of the sub-grade, 
is attributed to the more pronounced contraction of the richer or troweled 


surface than o of the body of the ‘slab. Observations were made’ of the longi- 3 
tudinal, transverse, and diagonal deformations in nthe uy uppe per surface of brad 


th. 


ry, 


‘TEMPERATURE OF SLAB 
WITH ACTUAL AND CORRECTED 


40 60 “30 100 120 140 760 180 10 100 140 160 
Drying Period in Days of Subgradein Days 


All measurements of of the slab were corrected | for 
these changes in "temperature: which took Place uniformly throughout, the 
concrete. That i is, , while the readings of warping, caused by the moisture gr: ial 
dient i in the slab, were always taken when the was uniform through- 
out the dept! | of the slab, there might be a general drop in temperature be- in 
e tween the readings of two successive weeks . In this case, the deformation 


& readings on top of the ‘slab were corrected for | the temperature on ‘the | basis 4 
7 of a coefficient of expansion appropriate to the temperature of the concrete ae an; 
Fig. 6. ‘Therefore, the deformations shown in Fig. 16 are net after the 


2 ‘Ws ‘shows ‘the actual corrected deformations, 


pean total diagonal contraction due to the moisture gradient between ‘the Bey 


Toot 
— 
4 
= 
concrete). It was not thoug - 
ought that the vertical deflections caused 


‘EFFECT OF MOISTURE ON CONCRETE 


es. Beams of 1:15:3 concrete 


‘enn 0. 020% in 160 _ ie The friction of the sub- grade apparently did 
not restrain these movements. -eonbe old sob; oft i 
fact that some.of the points fall off the curve in Fig. 14 is attributed 
A a to a slight effect of temperature in the warping of the slab. In so far. de 
the observations were taken. at times when the temperatures were 
uniform from the top to the bottom of the concrete. 
Effect of Daily Variations of Temperature——The effect of 
erature air above the | is is shown | 
in Fig. 18. ‘temperature x rise e of 40 ° Fahr. from 8: 00 3: :00 P. M. 
. oi warped the corner downward 0.023 in., or 21. 0% of the total. ‘warping (0.11 in.) 
eriod. The at of iP concrete in relation to that of tl the air 


on- Uniform ‘Saturation. “Following. the period, “water was intro-- 
into t the gravel sub- ase and maintained level with the lower 


of the slab. Differential e al expansion from. bottom 1 to ) top was again manifested 
in an immediate and continued. gradual curling | up » of the edges and corners. 


7 can A maximum distortion of | 0.066 in. for the unbroken | edges and | 0.202 in. for 

oo the corners was attained at the end of 3 months. Typical ‘results of the 

r & observations from June 2, 1924, the date of starting the saturation tests, until 

» October, 1924, a are shown in Figs. 14, 15, 16, and 17. 

‘Subsequently after -resaturating it surface contracted. diagonally 

0.007% in 110 days; of this contraction, 46% took in hours and, 


3 
0. 022 | Air Temperature | 
: = 


0.016 : 2) Center oint 60 


Tl QFale or 1B diqah o edt 


ina be: 
When the slab condi dition. with ‘saturated. grade 
oa Gon! October 20; , 1924), an attempt was made to expand the surface by applying | 


d 0. 060: deflection 


— 
| Ten 
Ten 
| by 
a 
— por 
— det 
— Ry 
tis 
| 
te 
| 
= 
3 
3 
ff 
~te 


EFFECT OF MOISTURE ON 


_ Temperature of air, in degrees Fahrenheit....... 
Temperature of top slab, in degrees Fahrenheit. . 


34 75 


t 


Tests on Slab.- —Known were applied to one corner of the e slab 


by jacking at three stages of the test: (a) On 14, 1924, during the 


drying ‘stage; (b) on. September 23, 1924, during the saturation of the -sub- 7 
grade; and (c) on November 14, 1924, when the top had been saturated 25 
days: with wet burlap. The profiles: of the diagonal on these dates for load 
2 3.000 Ib., is shown i in Fig. 19. The data are as given in Table Mod. 4 


the warping of the slab (see (b), Fig. 19), the point: of sup- 


iow 


port must. moved ‘in, increasing the deflection. Curiously 
"deflection of the slab under load when the was: wet was less than i in weal 


Deflections of Corner Diagonal u under Load of 3000 Ib. at Corner Aig, 


Deformation along Corner Diag, \Stress from S= 


TABLE 7%. —DEFLECTION or Dur To Corner Loa oF 3 3.000 
Before load....... 0.0181] 0188 | 014 
tance of 48 in. adjacent tothecorner): 
4 0. 0087 sin ve 0.0085 ail 0.0081 


slab Sign indicates that the is ‘above’ the original level of the ‘surface of the 

4 Reversed Stresses on Saturated M ortar.— —The fatigue limit on 1:2 mortar Eee 

255 


~tesed dry at an “age | of 6 to 12 months ‘was approximately 55% of the once 
applied load, as Professor R. B. Crepps, of Purdue 
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Beam No. 162 failed at 200 reversals 1 a | equal to of once the 
applied load on saturated concrete; duration of test, hour. the 
Beam No. 161 failed at 8 400 reversals at 50% load; duration of test, 4 day. the 
Beam No. 165 failed at 17 200 reversals of 50% ; ; duration of test, 13 days. , ay 
No. 164 failed at 71 700 reversals of 40% ; duration of test, 5 days. alae 
nt: vt These tests are being continued. It would appear that a little less’ than bea 
55% of the static strength of dry conerete should be det strength of pre 
the concrete that has been saturated 8 days. 
bet Observations on a Concrete Stadium.—Gauge numberof 
locations both in | the open deck and in the bank revetment of the new Ross-  &. atu 
Ade Stadium of Purdue University. ‘The changes of length consequent upon | in | 


ef air temperature of 38° Fahr. as a drop of 28° wall 2 
a he coefficient of ‘thermal contraction was 0. 000007 25 i in. per degree Fahrenheit 


at the top of the wall and 0.00000305 in. at the junction of the parapet wall 


q 
ie movement across a fine crack i in the middle of the. 42- ft. length of this ; 


parapet wall was 0. 000471 in. per a Fahrenheit and at t the bottom across 


Under a drop of ai air temperature of 38° Fahr., the concrete in the open 
lek section of the stadium was 37° Fahr.; ‘oe the concrete of the revetment, 7 


4° Fahr. Thee coefficient of thermal n of the open n deck was was 0.00000590 


Bi effects ofa rainfall, followed by a a drop ‘in temperature of 10° 1 


toa thermal coefficient of 0. .0000050. and a swelling of 0. 005 per cent. 

al 800 6 ConcLusions AND D APPLICATION ad 
Asa of the studies | ‘described : in. this paper and its ‘appendices the 


id 


writer has s reached the following conclusions: Wied 


throughout various of moisture content, it appears 
PG % saturated concrete will have 80 to 85% ‘the strength of dry concrete. 


2.—The thermal coefficient of expansion of concrete varies with ‘the 

Vou sd perature of the concrete and ranges from 0.0000040 at 65° to 0. 0000060 at 140°, ; 


3.—Conerete expands when immersed | in water r and < contracts on . drying. 
“The degree of change of length varies with the characteristics of 
cement, with of the mix, with the size of specimen, and w. with 


the cement show that “eonerete. may 01% due to ‘the 


ested 1n the fatigue machine, 
Recently, similar beams, months old, were tes 
f 
: 
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ue. these values should be added the changes in Tength 


ring 
4- —Concrete road slabs w warp corners and at the 

the ‘surface becomes dry, and also when the bottom absorbs m moisture from 

the sub- -grade. Drying the top surface of ‘the slab under observation deflected 
corners ‘upward 0.02 in. the bottom ¢ of the slab v ‘was saturated from 
a water-filled sub-grade the upward corner deflection reached 0.20 in. Yo am ae) it 


sua ad curling upward of the corners of the road slab a cantilever 


presence an initial stress in surface of the road slab 


ature will “produce 1 maximum shrinkage strains. A ‘combination of a 


in temperature and a rainfall may retain the concrete ‘at its previous length. : 
_ The friction of a road slab on its sub- -grade is an element favoring the Lad Pe 


—To be durable, conerete structures should designed for the 
favorible conditions. ‘Stresses arising from the effect of temperature and 
_ ‘Inoisture as well as those due to dead and live loads should 1 be considered. — Se! 


nla 8.—Without careful curing concrete masses will undergo excessive surface _ 
shrinkage against their rigid cores, thereby favoring surface cracks. — There- 


fore, steel reinforcing should be placed near enough to the surface to with- 
stand these shrinkage strains, and at the : same time far enough below the 
surface to be protected against corrosion. ale Jor 


—The foreign experiments cited show the benefit of early 


curing of concrete in reducing final shrinkage. The ‘greater part of. the 
‘a shrinkage of mortar specimens took place in the first ten hours. ‘These for- a oe 
eign experiments ‘also show the greatly increased | shrinkage of oe mixed — 

:10.— —Since the results. of measurements’ of expansion’ vary 
factors, such as the size of specimen, the time of initial measurement, andthe 
the ‘method of such tests should be staridardized: 


Na 
writer believes ‘that, the following are ‘the requirements for concrete 


Port tland cement of normal volume constancy and a clean, well 


An impervious concrete of proportions not less 
(c) time of mixing of not less, than 1 mix 14 min. 


@A A concrete mixed with a minimum quantity a water appropriate to rz 

are (e) Careful ‘slicing of this dry concrete against the face of the forms so a 


the reinforcing steel 1 may not be exposed nor the surface require patching. 

(f) Early, curing be begun just the initial, set and continued 

_(g) Design of reinforcing ‘steel and contraction, or expansion joints to 


. Prevent cracking a ater 
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| OF MOISTURE 
ae _ Description of Tests—The beam specimens were idried to constant weight; 
some were then entirely immersed in water and others i immersed to only a frac- * 
s of their depth. The changes in weight, length, and strength were deter- 
mined for the different conditions. Five separate series of such experiments 
conducted, varying the proportions of the mix, the brand of cement, 


extent and nature of of partial saturation. The 


results are are shown in Table 8. 
+ Results of Tests—By reference to Table 8, a _ comparison of beams uni- 
aed aerneg saturated, shows that the « expansion in water varies from 0.014 to 
a , with an average of 0.018 per cent. These beams were immersed for 7 
a) days subsequent to the initial drying. The 1:2: 3.5 concrete ‘made with 


Cement F when air- -dried for 24 months contracted 0.041 per cent. to molt: | 


“TS 


tas _The1:15:3 concrete, made with Cements A and D mixed, after condition- 


in strength from completely dried concrete to uniformly 
_ Saturated concrete in the five cases ranges from 11.7 to 22. 2.2%, an average 


Ag a Certain beams were warped by saturation from the bottom upward to in- 
creasing» heights ( see Table 8), as ¢ determined by visual observations of the 


Contractions from 0.0016 to were developed in the dry face, and 
d beams. When 

these warped were with the contracted dry side i in tension, 

- inerease from 9.5 to 27.0% in strength over the entirely dry beam ws was indi- — 


cated, depending on the amount of initial contraction. lod} 

|, When saturation had proceeded toa greater height i in the beams (approxi- 
mately 2 in. from the top), the ; area of dry concrete became too small oa 
back the expansion of the wet t area, a and, consequently, the dry face was actually 


clongated by ‘the force of the expanding face. ‘When the expanded dry face 


aie tested in tension, the beams. were only 80.7 to 06. 5% as strong: as the 


uniformly dry beams; when turned with the wet side in tension, the percentage 
was 1. 3 to 83. 5. “The complete data are given in Table 8. 
writer this increase in strength of ‘ary “faces 


vhen they have been shortened and the decrease in ‘strength when they have 


= lengthened due t to the _ absorption | 0 moisture on the opposite face by 
he presence of a an initial compression in the former and of an initial tension — 
in the latter case. However, an analysis | of moduli of elasticity and the « defor- ae 
mations of the top and bottom face of the ‘Weds tested under the one- third e 


"point loading, fails to show any substantial difference the extensibility, 


a ae 3 at rupture or 50% of rupture, of the beams with the dry face either shortened 
or Tengthened by warping. The neutral axis in all these beams 


2s if 


nearer the compression than the te 


and also at The maximum in ‘tension was 
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_ EFFECT OF MOISTURE ON CONCRETE 


8 per cent. 


assume an initial stress would presuppose an elastic concrete holding 
this stress ‘throughout the five days previous to the test, and an unusual distri- 


bution of stresses throughout the cross-section. Inasmuch as these initial 
stresses must balance, it is difficult to reconcile an initial ‘compression in the 


top with a compression in the saturated bottom. This matter is left open for 

_ ie Deformations Throughout | Cross- Section.— —In order to interpret t the defor- 


of similar. observed in the warped beam unite, These of thes 


units, 4 in. by 7 in. by 4 ft. 0 in., was chosen to give a thickness equal to that  - 
of the road slab. After initial drying; the beams 1 were placed with the bottor - 


BY 


‘in contact with wet burlap | and successive observations of deformation — and 
corresponding deflection were taken. Deformations were recorded at ‘seven 


-different* depths between two | pairs of sections in each beam. The average ; 
results for three beams are shown in Fig. 20. During 1 nine days the lower 
ew expanded 0.0152% and the upper face shortened 0.0024 per cent. ae = 


i of 
data locate the position of the neutral axis of deformations and show the 3 
relative deformations o occurring throughout the depth of the beam. 

height to which the saturation, visually observed, proceeded at the end of “fi 


nine days was approximately 2% in., or one- third the depth of the beams. ae, eee 


OF BEAMS  FALCULATED DEFORMATIONS) 


122 08 04 oe 12 iy 08 12 


Unit E ‘Unit Contraction Unit Ex ansion ‘Unit Contraction 


‘the following is the datas?! 1089 


whic ich, 


Universi: how the 


at ‘ho be praty 


h 


vice ‘versa, ie substitution in Equation | (1), it is found that the 


‘Values (see Table 9) } agree closely with the measured values (Fig. 


Application of Formula to Data of Road Slab- —Table shows the values q 

of the deformations comp 


— 
§ 
wa — 
‘4 
| 
— 
~ = algebraic summation of deformations in top and bottom of the 
deflecti 


(Papers. 


‘road and from sub: thus saturating the 


tom concrete. Here the expansions of the under side of the slab are ‘ealeu- 
7 “lated by ‘substitution ‘of the known measurement of ‘the deflection and defor- 


tiation of the upper surface i in Equation (1). b ‘Each step in the ‘calculations: 


Curve. “mised bog ti nt 2 over 40in. span. 


odd, 1 ive Uniformly. dr ry Unit contraction 0.0004 ., - 


Bottom wet, 24hours 


Bottom wet, 11 days (Interior Section) 


.00008.at-Point 2 
Igebraic top bottom = 00012 at Point 3° 


a ‘Fig. 20° clearly he swelling of the bottom the shortening 


‘the top” of the slab. “neutral a axis” of’ deformations | se parates the 
similar to that in the subsidiary beams. tn The greater ‘swelling of the con- 


ey at the unrestrained, edge of: the slab, and the less. swelling. at the in- 
terior restrained portions is shown, ‘ofda: ai artot 


a translation of the measured deformations into stresses, and the varia: 
tion of. such stresses throughout the  cross- “section, isa a field of discussion of 

- considerable interest. | The corners of the s lab are held up against the dead 
ge of the overhanging cantilever, which has been raised by the swelling 
‘of the bottom | What is state of stress in the top, which has 
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REVIEW OF LITERATURE EXPANSION AND CONTRACTION. 
OF CEMENTS, MORTARS, AND CONCRET TE* a 


The earlier measurements 0: of volume changes 1 in concrete cover a wide range 
as to size and age of specimen, , quality of cement, kind of aggregate, richness 


of mix, duration of exposure, time of initial ‘measurement, etc., and, conse: 
quently, a wide range of values. M More recently the importance of volume 


_ changes occurring during the first.ten hours have begun to be appreciated, the 


re underlying influences have begun to be evaluated, the nature of the action 


Volume changes are due to: and expansion; ; temperature 


stion changes; and plastic flow under load.) lew <i odd 
The factors influe encing the. shrinkage and expansion, in part at le fe 


“x9 Aggregate (fineness ‘and quality) ni, boew od. snouts 
fon Wetness. of mix a nd proportioning. oL Yu 
Size of of specimen, and forms (whether absorptive 
(6). Age of specimen and duration of test. 
‘The time of starting measurement (before or after initial or 


| 


he two, Quality’ of: Cement. —Various brands differ. markedly in their 
he con- eonstaney, depending on chemical composition and fineness. 
the in- Tests the U. 8S. Bureau of Standards} were made on neat cement and 
al on 1:3 mortar cured in ‘water. At thirteeri weeks the expansion was: Neat. 


Cement, 0.066% (0.057 to 0.120); mortar, 0.024% (0.005 to 0.012) 
ssion the same the ‘expansion increased to 0.085% a 0. 


swelling Riel John Grant} showed that expansion was increased when. cements « con- 


iz Recent tests at! Purdue University show the 1e changes i in six brands of cement 
and j in concrete made | from. certain of the brands. See Table, 4 and Figs. 3 


D. A. Abrams, M. Am. Soc. .C. E., in 1919, i in connection with an investiga- 


| tion of the effect of "fineness of found no appreciable differences 


Laboratory, Lewis Tnst., 


upers. 
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Unvestigation of Professor White of the University of Michigan 
= _ Proceedings, Am. Soc. for Testing Materials, Vol. 15, 1915, p. 141. 
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. ut he states that the measurements were not 
A paper in Le Ciment 1923) quotes expansion tests with Le Chatelier 


= 


<a _ The author remarks that this expansion | may be reduced by finer grinding, 
‘ providing the cement is well burned. — Methods such as airing of cement will 

also lessen expansion. at Disaggregation of concrete is” attributed the in- 
ae of gypsum, which constituent, expressed as SO " varies from 1.75 to 
8. 00 per cent. Some countries allow only one-half as much SO, when the 
is to be used in sea water. Experiments in Germany on concrete 
_ posed to sea water for 10 years are quoted to show that 2.5% of SO, is not 


detrimental either in fresh o or salt water. The author believes: that ‘the Le 


ve cements, 
but will reject: cements that. are che recom of 
10 mm. (See, also, tests by Otto Graf, discussed subsequently.) BM 
Dr. H. N itzsche* ‘measured the volume change of several cements ‘with the 
apparatus. _ Mortars approximately ‘a 4 and consistencies 
appropriate in reinforced concrete were used. The Baugchinger prisms ¥ were 
conditioned as follows: 2 days i in ‘moulds, 7 days in water, 10 ) days in room 
s emperature, and then dried to constant weight at 50° cent. , The ength « of the 


0.0204 Lae 
0.0847 


Coarsest slag cement 0.0224 


rr: for M easuring Volume Change.— —The British Standard § 
cations for Cement recommends s the Le Ohatelier method. The paste is 1.18 i 
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EFFECT OF MOISTURE ON CONCRETE 


each h side ‘of the split the ‘movement 


Paper 


The paste is submerged i in water at 58 to 64° Fahr. for 24 hours, and the 


position o of ‘the arms indicated. test piece is again ‘submerged, the water 
~ brought toa boiling temperature in 25 to 301 min., ., and kept boiling for 6 hours. * 


T he mould is then removed from the water | and allowed to c cool. ‘The indi LA 


3 length of a short bar, 1 100 mm. in length and 5 sq. cm. in cross- “section. pe . 
Deval* has discussed the method of measuring variations in the volume 
“of hydraulic cements. He refers to the tests of Durand-Klaye, Debray, 


Bauschinger, Kleve, and ‘Le Chatelier, and concludes: that the Le 


“method gives the most concordant results under which cement of good quality 
“will not show more than 0.2% of swelling. He remarks that cements differ 


greatly i in expansion and i in rapidity of hydration. 


ding, | (2) ‘Aggregate. —Mr. Cloyd Chapmant reported the contraction of 1 1:2 
mortar specimens at 16 weeks to. be 0.197% using screenings as aggregate 
ein- § and 0.083 with sand. Conerete : 2 2:4 mix) with ‘screenings contracted 
75 to 0.062%, and with sand 0.042 per cent. “The specimens were 2 by 2 by 24 in. in rhe 
the | size; the measurements began 24 hours after moulding. hus 
te ex No doubt. the aggregate has an important influence. In ‘many 


is not ‘cause of disintegration of. exposed structures is to be to defective 
he Ie aggregates, especially those containing a large proportion of fine limestone 
nents, dust or r clayey material. Porous concrete with changing moisture ‘content 


on of be subject to strains due to alternate expansion and ‘ 
(8) Proportioning. —Leanness of mix diminishes the volume change. A 
th a ‘number ¢ of investigations ev evidence this, 7 Thus, a comparison of neat cement 
encies 1 : 8 mortar gives the results in Table 12 Wee 


has _ Pearson’ Vs tests s show the r relative shrinkage of various mortars, the initial 


3 were Evidently, as the mix becomes leaner the volume changes 
room 


of measurements being 1 made while the specimens were plastic, as follows: 


9... it Al 0. 110 tn 


q Bulle in, Société d’Encouragement pour 1’Industrie Nationale, 31, 1900, 
Am. Soc. for Testing Materials, 1924. at 
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Mortar 1:3. Concrete. 


lew oft | Exp.|Vont. is fit to 


10,008 a.d. kel. tech, 
 Bauschinger. .046 | 0.214 0.009 |0. 183 Mitt. tech. Lab d 
0.775 0” X38. 9” Tonind. Zeit. 
1” x 4” x 24” 
0” 
7 0. 019 |0.055 | 0. x 4’ Vol, 13,1917. 
+ of Llinois, 1921. 


In the tests of Goldbeck on: 8 by 8 in. 5+ft. beams* wet. 


4, ow : 6 concrete varied but little i in contraction when exposed air 
for 1 year, the extreme ranges in percentage as scaled from a diagram being 


mixed very wet (10 to 12% 0.028 0.088 
mixed very dry (8.5% water).. fo 

mixed very wet 

mixed very 


Tests at Prrdue on measurements began 
3 two ) days after moulding showed for 1 : 2 : 3.5 and 1 :1.5 : 3 concrete an expan 


sion in water during 40 days of 0.005%. During 150 « days subsequent drying 


air the contraction was 0.035 and 0. 015%, respectively, the brands ‘of cement 
arying in the'two 


Mérsch has recordedt tests of the influence of richness of mix and 


ee. f i of different va varieties of sand and the volume changes due to swelling in water 


and shrinking in air. For rereases 
shrinki in air. Fo year the. swelling i in water 


te ry 
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neat oni tis :8and1: 5. mortars; the shrinkage in air reaches 


maximum at 90 days. The palatine values at the end of a year for swelling 


tech. For shrinking i in air the are: bet een 
nstalt sal mot O8 bus ezeb TS he ; 


volume changes. of mortar made with several sands seem to differ. 
Size of Specimen and Forms. Evidently the size of the specimen, y 
Ger which affects the rapidity of loss and g gain ‘of moisture and the unequal 

tribution of moisture, will have a marked influence on shrinkage and expansion. 
Consequently, the data from many investigations are ‘not comparable. Flat 


specimens. will warp; there w ill be different frictional resistances due to 


id the forms or to the bending on the supports. _ Moreover, the size of ‘the 
specimen will control the early ‘formation of surface cracks, which must affect 
_ the integral movements. Pearson has shown that absorptive forms will greatly 
Univ. the: shrinkage of mortar specimens, Graf has shown: that shrinkage 


d Apr. is lessened during early stages by forms with cast- iron ends. For these reasons ‘aes 
ly 1887, specimen itself and the. technique of should be standardized for 


in, 1 by 4 by 24 in., 13 by by 4 i in., 4 4 by 24 j in., ,8 by 4 in., ,8 by 8 by 


of = in., and 8 | by 8 in. by 9 ft. 
to alr | Mérsch* shows the effect on n: tensile strength of varying th the size of, the test — 
bee tow mi i gail: owe hoxoloeih ate eat Boek @) 
058 days moist. | Qidaysdry, | 
The eff ffect of desiccation of briquettes following 1 in air and 21 
oun 4 water is shown by a rapid decrease in strength. and a gtadual increase in 
ae - strength following a longer p period 0 of desiccation, 1 until at 12 days the str ength 
3k 4 of the briquettes exceeded the stesiglth at the time they were taken from the 
creases aspect ‘of diving and production of fine surface is 
the consequent Joss of strength in cement briquettes which have been allowed — : 
EE “Der Eisenbetonbau;” 1920, Vol. I, p. 121. 
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to dry subsequent to immersion n and to testing. 1904, 4,Van Ornum* 


tank “various ‘periods before ‘testing. ‘The strength of the neat. Portland 
‘cement decreased as much as 50% when exposed to air from 1 day to 3 days. * 
ae M. Anstett,t Chief of Laboratories of the City of Paris, France, made 


; - similar tests in 1922 , and ‘reported the decrease i in strength of neat briquettes | 


wr tested at 7 days, 37 days, and 90 | days, after having been removed from the 
water 1, 20, and 26 hours, respectively. If the briquettes are allowed to dry for 


a hours before testing a loss of strength of 10% may be expected. This becomes 
an important matter in standardizing cement testing. In the case of 1:3 


increases in proportion to the duration of the drying period. 

doubt the effect of drying will depend on the cement u used, and the 

4 of forming the briquette, on the rate of drying. gh oilt 
a book by Foker and Barnes, oh “Reinforced Conerete Design”, 
je lished in 1912, they quotet tests on 1:3 mortar specimens that were -eured in ; 
= ‘ air 1 day and in water for 27 days, and afterward | exposed. to dry air for’ various — 
a periods up to 12 days. After a period of drying for 2 days the si strength 
diminished 50%, following which it increased to. approximately its value at 
ane me surface shrinkage no doubt will affect the point in the extensibility of . 
the tension side of beams at which hair cracks are observed. Beams carefully 
eared or saturated will probably show greater extensibility. close analogy 
exists ‘between concrete and wood that is case- -hardened by defective kiln 

the absence of reinforeement 1 near r the surface, i it would ‘appear that 
surface shrinkage might i increase the number of hair cracks. pet 


(8) Exposure-—Many early tests disclosed swelling in water and shrinkage 
in air. The wide ‘ranges: recorded were mystifying as the 


s compared to other factors, ar are ‘not negligible. 


Ls 
The results of various measurements, indicative ve of ranges 


ure and moisture influences. 4 


ange of in 1:5 mortar with fine sand screened out, age 8 wee 
from 33.8° to 180° Fahr., increased the length - + 0.075%, or 0. 00000535 per 
favap si 
‘deg ree. In a change : from 180° to 18° Fahr., the shrinkage was »—0. 0664 vet 


one t. F 7H OL) 
r 


cen om il in air to 107° Fahr. in ‘water, the change was nt 0. thi an 


# = Revue de Matériels de Construction et Travauz Linge 1922, Vol. 148, p. 1. 
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EFFECT OF MOISTURE ON CONCRETE 


18) of length due to absorption of water were found to be. as 


2 lows: From 71.5° Fahr. in air, to 71. 5° Fahr. in water (24 hours) fate 0.0192% ; 
71. 5° Fahr. in air to 100° Fahr. in water (72 hour 8), + 0.040% ; from 
Fahr. saturated to 104° -Fahr. in air, — 0.0588%. 


 For1: 5 gravel concrete giving a tensile : strength of 2 314 lb. at the age c: 
these values become | + 0. 017%; + 0.036% ; and — 0472 per cent. 


under a sudden drop i in | temperature. The wet, specimens | 


—0.0553%, and the dry ones, — 0.0664 per cent. the sand used 
tests. also. show that admixtures of hydrated lime increase 
~iL 0. Berry,” M. M. Am. S Soc. ©. E, found t that 1: 2: 4 4 conerete s shrunk i in air 
at 150. days, 0. 028% and expanded in "water, per cent. This is less 
di lifference between shrinkage and | expansion than in other experiments. Sam a" 


tt Mérscht averages the results” of tests on mortars, 1 cement and 3 sand, 


- immersed in water for % 28, 90, and 196 days, and then allowed | to dry i in the 2 


air for periods r: ranging up to 4 years.$ A set of test pieces was allowed to dry 


5 without i immersion. 


ve LENGTH CHANGES OF 1:3 CONCRETE | 
oe DRIED IN AIR AFTER a 


4 


oie rofessor 7+ MeMillan,§ reviews tests of shrinkage specimens, 4 by 5 by 
in., cured 2 weeks under we wet burlap and afterward exposed to the 


air of the > laboratory. The shrinkage was from — 0.055 to —0. 065 per cent. ‘ae aay 
Initial readings taken when the beams were 1 day or 2 days old. The shrinkage 


, amounts to — 0.05% w ithin the first 6 days. The effects of varying the pro- 


Portions, ‘quantity of water, or density were small. He states that the minimum 
8 rinkage to be expected i in concrete that has been allowed to dry out thoroughly @ oe 
is. — 0.05 per cent. Values from 20 to 50% greater will usually result; 


a: difference in early curing ‘conditions has little effect on the final shrinkage. : 
Proceedings, Am. Soc. for Testing Materials, Vol. als 1911, 
“Der Bisenbetonbau”, Fifth Vol, I, Pt. I, p. 186. 
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subjected reinforced plates to water pressure, off and on, 


a | the of “moving water on. the bond mortar and steel. 


Tap of 20- pipe at ‘Avis, “by the action of water swelling the 
fn bottom of the pipe. Experiments on dry pipe, partly submerged, “appear to 


to 4 


‘confirm explatiation Tests of pipe, 298 days old, showed a strength of 2 624 


lin. ft. for dry’ pipe and 1790 Ib. ‘per li: ne ft. for pipe that had been 
immersed for 5 hours. SWOLL gg £0 TD 90s. Die 


cured for 7 days under -wet sacks and “approximately 450° days in air. 
set showed a value | of of 3 700 000 and a compressive strength of 3 630. 

The other subsequently immersed in water for days showed a value of 


of 8150000 and a compressive stre gth f 2340, all i 
“Tests§ by G. M. Williams, Assoc. M. Soe. C 


in the. value of E, either for immersed or dry, or for a low or. high 


of "consistency. In the discussion 0 of this paper, Professor Walker, of 
Lewis Institute, takes issue on this conclusion. His values, n pounds p per 


“square inch, ar 


-Lagaardt tested 1: 4 limestone concrete in compression. ‘The ‘specimens 


— 


SE One month in air. 


‘Com ressive teres 


(6) Age of Specimen and Duration Test. —Expansion and contraction 
continue for extended periods. The variation in duration of the tests accounts 
differences” in reported results. Rich specimens that have. been saturated 


(7) he T ime of Starting Measurements.— general, the ‘initial 
ons 0 of volume changes in in the investigations reviewed, were taken subse- 


| quent t to the setting ‘periods. I ~ Pearson’s investigations on s on plastic mortar show | 


the marked volume changes that occur, during the se setting period. is 
obvious from this standpoint, therefore, that the data of the many investiga 


t fo, Re to awatvey 2 | 


In, 1924) ‘Pearson. investigated the development | of change of length Pa 
mortars as, elapsed, he ‘first few. hours. Up to 
hours, while mortars _were plastic, the ‘ahrin age was moderate, but at 


time. of initial set, the yolume changes were pronounced. They moderated 
10 hours. At. the time of final set the material quiets "down, 


various cements then show a out the same rate of ‘ghtin age. When speci- 


were placed | on non- -absorptive bases. the shrinkage at 64 days Bas 


al! 
Nea ‘coment, 0.21%; 1: 3 3. mortar, 0.19% 5. 1: mortar 0.084. per cent. a 


* Annales des Ponts et “Chaussées, Sem. III, 
Proceedings, Am. Soc. for. Testing 1920, 8283, 
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EFFECT OF MOISTURE, ON CONCRETE G 


| For, the first two or three hours whil mortars are still plastic, either 
moderate expansion or contraction may. occur due to ‘Manipulation, forms "a 


and the quality of the cement. — At the. time of initial set there is a tendency 


toward ;pronounced | contraction which moderates at to 10 hours when 
set is approaching. ‘From to 24 hours i is a ‘period of eomperative quiet, 


with slight shrinkage, There. is then. a long shrinkage which 

sists for many months; at one year this may range from 0.15 to 0.34 per 

cent. f The v volume change, therefore, is in two phases as follows: ae) Plastic, 


2 hours, to, say, 24 hours; (2) rigid after 24 hours, changes here es ide 
pendent. of ‘those i in Phase (1). 


ratory of the, Technical High School of 


has made valuable of the volume changes of mortars 
‘The 1921 paper reports, the TE, shrinkage of mortars from 1 hour to. 
(28 days, and the effect of excess water. Four brands of Portland cement were Na 


| 


used. ‘The mortar by weight, and the water, varied from 10%. (firm 
consistency), 15% (soft consistency), and 19 (plastic. “cons istency). The 


gill? 
“test piece was a, disk, 15a mm. thick and 150 mm. in diameter, placed on oiled 


OF 


paper and moved under a microscope by a micrometer screw. _ His results are 
= in Figs. (22 and The importance of dry. concrete and 
curing to reduce shrinkage is Damage due ‘to shrinkage 


during the, first ten hours. 10 30 "I 


Fig. 28 3 substantiates results, showing, the. effect of Water on 


strength, and emphasizes the value of dry. concrete. 
4% Water 1=96 mm 9 } : Composition of} Mortar 


Age 7 Days 
| Age3 Days 


Contraction in m 
Ain 


d. Aeon ar 12 13 14 15 16 17 18 19 2c 


subse- mot} bow ‘Time Eh Elapeed oiguaqes to Per cent of Mixing Water 


show 22.— —SuRINKAGE 1 Fie, 23. —Errecr OF WATER 

stiga- Graf also reports the marked effect. of the cement content| on the 


“change. The shrinkage i in a length of 100 mm. was as shown in Table 15. 


— — 


hours. 7 days. day to 28 days, 


Thi South’ brands” ‘used varied as to the’ ‘volume changes 
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> EFFECT OF MOISTURE ON CONCRETE 


“differential movements the embedded reinforcing 
bars, it was fou and that within the first day while considerable ch langes in 


es volume took place in the mortar, no siaiige of length were fecorded | ‘in the 


d 
reinforcement. This « condition lasted for three days. TH! ef 


eee ‘Tn the 1921 tests of Graf, wax and oil were used 1 prevent the mortar 


from adhering to the sides of the moulds. In 1922, moulds of cast iron were 


a used to study the effect of adherence of the concrete tot these: surfaces. -Rein- 


forced specimens were also” studied. concrete w was 1:1.2:1.8, us ing 


wie It was shown that ‘the contact with ends of the | cast- 


lessened ‘the natural shrinkage of the concrete. Reinforcement considerably 
4 reduced the shrinkage of concrete during tl the first day after oe plain 


: B conerete specimens show a reduction, in a length | of 333 n mm., of 0.004 em. 
and reinforced concrete, of 0.0008 cm., after 9 hou rs. After 14 days, these 


0.0024 and 0. 0004 cm. , respectively. 
Volume Changes Due to Temperature —The generally value of 


mi ‘the coefficient of expansion for concrete due to temperature is 0.0000065 for 


1° Fahr. It is assumed to be constant throughout the ordinary ranges of 


Professor Mills, of Cornell University, a a series of tests for the 
coefficient of temperature expansion using test ; Pieces 8 by 4 by 2 in. 


coefficient ranges | from 0.00000783 for neat ‘cement to 0. 0000057 7 for 1 
ortars; for concrete, -0.00000677 7 for 1:13: :3 mix ‘to 0. 00000537 for 1:3: 


mix. In age the specimens ranged 1 to 8 months, in temperature 


from 70° to to 212' ° Fahr. 


1901, at Purdue University,t W. D. Pence, ‘M. Am. Soe. E., meas- 
ured the expansion of 1: 2: 4 concrete | specimen, , 4 in. in in diameter and 3 ft. 
Jong, placed inside. a steel cylinder into which steam was introduced. The 
temperature range was. 65° Fahr. Both stone and gravel aggregates were 
--yepresented. The ‘coefficient ‘of expansion for 18 -Fahr. ranged 0.0 0000052 


to 0.0000057 in stone concrete; a stone bar showed 0 0000056 ; gravel concrete 
0.0000056. ‘These tests well represent average values. However, it 


ee was assumed that the coefficient is equal throughout the range of temperature, 


Ss and no doubt there was also expansion due to the steam, if it was moist ie 


Fig. . 6 shows” ‘results tests at Purdue University. observations 


-were conducted on completely dried s specimens only, so that there is no error 
a tie to the change in in length with fluctuations in the moisture content of the 


Plastic Flow The yielding 6 of concrete under loads was noticed 
sale an early date, especially in laboratory tests to determine t the modulus of 


hata This plastic flow became of practical importance in specifying and 


measuring deflections of loaded floor panels. Later, it became apparent that 


it, produced a readjustment of stresses between steel and concrete which ms 
ea: important from the standpoint of We design of floors. and columns. i 


— 


wa 


— Pap 
| 
> 
a 
i 
te 
— 
— 
yu 
— engi. 
— 
; 
dots 
By 
— 


t the 


10ulds- 
erably 
plain 
4 om. 


en 


lue of 
65 for 
res of 


if 


or the 


100052 
merete 
ver, it 
rature, 


ist. 


vations 
error 
af the 
ilus of 


ta 


EFFECT OF MOISTURE ON 


Several investigations have been made to. determine the flow 


time effect, a bibliography of which follows: Mid 
«Hatt, W. K., Proceedings ‘Bee. for Testing Materials, 1907, p. 
Studies i in Engineering No. 8, Univ. of Minnesota, 1915. OLED 


AG 
 Janni, A, Transactions An, Soe. C. _E,, Vol. LXXX (aie). 


“Fuller, A . H., and C. C. Moore, Proceedings Conerete Inst., 1916. 
Smith, E. B, Proceedings Am. . Concrete Inst., 1916. 
Goldbeck, A. and E. B. Smith, ‘Proceedings Am. Concrete Inst., 19 916 


McMillan, F. R, Proceedings ‘Am. Concrete Inst., XVII, 1917. 


‘Smith, E. B, roceedings Am. Concrete Inst., 1917 


Holster, S. C., Proceedings Am. Concrete Inst, , 1919, p. 137. pod 


Williams, @. M., Proceedings Am. Soc. for Testing Materials, 1920. 
‘MeMillan, R., » Proceedings Am, Concrete Inst., 1921. Bx 
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"ATMOSPHERE ‘AND ITS TO. ‘HUMAN 
“HEALTH AND COMFORT* 


> 


“When the wise King. éf the Hebrews sought to express the fundamental 


unity. -of the problems: which ‘confront -each human life. he began with the 


atmosphere. “When I was bor he says, drew in the. common air, and 


fell upon the earth, 1 which i is s of like nature, and t re first voice which I uttered 
was crying, as all others do. w a “The common air” is indeed the basic condi- 


tion of human existence, controlling it in more ways” than are yet fully 


a realized. The atmosphere i in its relations to human health and comfort seems, 


therefore, : a topic _ peculiarly appropriate for consideration by a group o 


; whose objective is the application | of the principles" of engineering s science 


The chief “business of science, as the speaker it, is to unify 


and simplify conceptions of the chaos of phenomena by relating “those 


phenomena to underlying laws" and principles. This task is more difficult in 
7 biology than in mechanics or hydraulics because the reactions of living matter 


ca are more complex than those of non- -living substances. — The mem conditions i 


-ameaba to man, from the bacterium ‘to the oak tree , the life process depends 


of life a are, however, -suspectible of relatively simple ‘statement. From the» 


- upon at least five essential factors, each present, to » extent above a certain 


minimum and in general below a a certain maximum. The five positive “essen- 


ood (including under this term regulative mineral salts). 


Oxygen. 


ih addition to these positive essentials, ham must be Soins : 


38.—The attacks of hostile > living beings, or parasitic. 


ist is obviously not a a logically complete ‘and perfect one. One factor, 
mitted from the list will be discussed 
The is s inclined, | however, to it includes ¢ all a minor 
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> 
THE ATMOSPHERE . AND HUMAN HEALTH as 
‘processes of animal plants. Taking it for what it 
noted that so far as man concerned in all but one of the life factors 
noted, the atmosphere plays a a more or less. important role. We do not derive 
largely ‘upon atmpepheric: and ‘the prevalence of goiter in ¢ 
ee is correlated with the presence or absence of iodine salts blown inland ale 
from the sea. Oxygen, temperature, and light as they affect the human. body 
and to a less extent the aqueous exchanges of the -body, are directly, related 
to atmospheric conditions; whereas the air may bear with it physically injuri- 
dust toxic gases, and, sonditions,, the 


atmospheric conditions, as. they affect health and comfort, it will be desirable 

to recall for a moment what these normal conditions are, to which the human 
body is presumably more or less perfectly adapted. 
‘Thee atmosphere o of the earth is a layer of gases, of continuously decreasing 
i “density. as one’ passes outward from the surface of the earth: itself, and of 5 
varying composition, when one reaches a distance where the decrease of gravi- 
tational: force great as to show a marked differential effect upon its 
et ous constituents. Thus, at a height of 20 km., it is estimated by: Wegener that os 
argon has practically disappeared and ox oxygen reduced to 15 %s whereas nitrogen 


pen increased to 88 per cent. At 100 km., oxygen and nitrogen have wv . 


‘disappeared, the atmosphere consisting of 67% hydrogen, 4% helium, and 1 29% Pa ig 


5 ane a hypothetical gas lighter than. hydrogen, which Wegener | called geocoron- 
tical moment to the s sanitarian, The. atmosphere as. ‘has been estimated 
to be made up up of nearly 4.000.000 000 tons of nitrogen (73% by weight), m« more “3 
Re than 1.000.000,000 tons of oxygen (23% by weight), nearly 160.000 tons of | em 


argon and other: inert gases by weight), more than 50 000: tons of 


earth in the usual form as nitrogen, 78.1% by volume, oxygen, 


20. 9% by volume, and argon, 0.9% by volume. x Carbon, dioxide is normally ir 
"present to the ‘amount of 0. ‘and the inert gases other than argon (neon, 


> 


krypton, xenon) in still smaller ‘proportions. She lou he 


a ous constituents. of the atmosphere i is a a striking, phenomeno’, Ni itrogen and 
a _ argon, being relatively inert, might be expected to show but slight variation 
a Oxygen on the other hand is constantly being removed by the respiratory, action 

plants and animals and: hy of combustion and i is constantly 


“ys 


it, by. respiration, and by 


= 
ud 
- 
| 
| 
| 
< i 
— 
> essen" 
all stituent is usually: omitted from statements of the normal composition 
seusel: 
minor 
of plants during the day. | Carbon) dioxide is being consumed in the pro-_ 
yuary 20, td — 
— 
| ] — 


8 acres) consumes in an average summer season about 11 000 kg. ‘of ad 


dioxide and | off about 8 000 kg. of oxygen. mn. These changes produced by 


a 
With carbon dioxide, the of the ocean an n important 
i influence, dissolving. in the form of bi- -carbonates: any excess of the gas and 
= ; —-Ftalting it t up again as carbonic acid when the partial pressure in the air above ' 


"decreases. As a’net result of these complex processes s the proportion of ¢ oxygen 
Ry, ‘in winter or summer, in town or country, and even in the interior of dwellings, 
a _— Tarely varies near the surface of the earth beyond the extreme limits of 20 and 


21% of the atmosphere by volume; the variations in earbon dioxide as will be 7 


rl _ Atmospheric moisture on the other hand varies widely from exceedingly 


is ‘small proportions to a point of approximate saturation. The saturation point 
= depends directly ‘upon the temperature of the atmosphere. at 
3) ° Fahr. will hold only 0.5 grains of water vapor per cu. ft.; at 20° Fahr. the 

st 2 lo increases to 1.2 grains; at 32° Fahr. to 2.1 grains; at 68° ahr. to 7 5 

‘grains; and at 98° ‘Fahr. to 18.7 grains. Thus, there is actually more moisture 
"per cubic foot in air at 80° Fahr. with 20% relative humidity than in air at 


35° Fahr. with 80% relative humidity; but the warmer air of lower relative 
humidity will be much more avid in absorbing “moisture from - the body or * 


other’ moist surfaces and will thus be much more drying in its physiological 
effects. Desert air and the air of heated rooms in cold climates - may fall 


as 10% of their tential saturation value. BBY uff 


addition tc to its various gaseous constitutents athe atmosphere | oon- 


orm of 
dust, the significance of which will be discussed in a subsequent 


and, finally, i in even the briefest review of the composition of the atmosphere, 


4 ‘we must mention living micro-organisms, present only in very small numbers © 
in pure outdoor ai air, as Pasteur demonstrated when he opened his 


foot indoors and, dust is present, even 
to much higher figures. BY an faves adt af botata od dias 


Tue PuysioLocicaL Errects or ATMOSPHERIC PRESSURE 


The first problem which naturally suggests itself in ‘connection with the 7 


_ relation of the atmosphere tc to human health and comfort is that of the influence End 
ative changes in concentration due to differences in _ atmospheric pres-_ 
i sure, The pressure itself is apparently not a factor of primary importance 
‘though: under certain circumstances sudden changes in pressure ‘may 
a duce serious and even fatal results. In the construction of tunnels and the 
% laying of foundations the workers i in caissons are exposed. to pressures” which — 
may y exceed three or four atmospheres. While under an excess pressure of even 


60 Ib. per in. ‘no marked discomfort if this — to 


‘action and other subterranean processes. The extent of these changes may 
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3 692 of compressed air illness with 20 deaths were re- 

corded i in a group of 10 000 employees. pathology of this disease appears” 
to be a ‘Telatively simple one, originating in the direct liberation within the 
blood vessels or tissues of bubbles of nitrogen gas with inevitable ‘mechanical: Ds 

“ injury ; and of course the condition can be controlled by regulated and gradual ~ 


7 Far m more important than such direct variations in atmospheric pressure are 


the indirect effects due to changes in oxygen concentration. Oxygen i is after all 
the most essential contribution of the atmosphere to human health and com- ; *e 
fort; and the predecessors of Galen when they taught that the arteries were 
% ducts for the transportation of air were after all very close to a ‘physiological 
As one passes upward from sea level the reduction in “atmospheric 
pressure produces a reduction in partial pressure of oxygen which. has 
hove sea level the partial 
pressure oxygen corresponds to 17. 5% of: the atmosphere at sea level 
re (instead of the normal 21 per eent). _ Even at this point a few individuals it ats 
begin to show an accelerated heart beats At 10000 ft. the concentration of 
‘i oxygen is only 14. 2% of a sea- -level atmosphere and symptoms a are more marked . 


sickness a serious ‘problem— a problem by defi- 


ciency in oxygen. The gallant struggle to conquer Mt. Everest, which has 
been followed with such eager interest during ‘the past few years, is first and yi S 
foremost a struggle against oxygen and cannot be successful 


a means are found for transporting oxygen apparatus for the use of the climbers 
ts who are to accomplish the last few hundred feet of rock which still tower _ 
“unconquered into the For the aviator too this problem is of the “most 


pressing” import. Bombing and observation planes are able. to fly for hour: 
4 hee heights of 12000 ft. or more and pursuit or battle planes: not infrequently 
reach altitudes: of 20 000 ft. The so-called “a ir staleness” among pilots | 
merely mountain sickness i in a ‘pronounced form the studies made by the 
Medical Research Laboratory of at ‘Mineola, N. -Y, 
outlined by the speaker’s” colleague, -Yandell Henderson, have shown how 
the worst effects of this malady may be avoided by the selection of pilots: b 
shown by specially devised ‘tests to be peculiarly resistant to ‘low oxygen 
On ‘mountain tops of the where the. air- 


is met in a different form. In the parts of mines, and it in old.y wells, 
normal atmosphere be replaced so great extent. carbon 


dioxide that 1 men entering such places may perish of oxygen starvation. On 

. - the s surface of the earth itself, however, in the normal haunts of man, the 
poate of oxygen content need give no concern. Even in the worst venti- 


ot classroom ¢ or auditorium or workshop the oxygen | in the atmosphere never 
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which. takes place. even through solid walls” and ceilings. as. 
as 1777, showed. by ‘animal experiments. that. the symptoms experienced in 


badly, ventilated room 1 could not be attributed to. oxygen is is only = 


phere, to a value of 16% or 

Lavoisier himself believed that the evil effects of vitiated. air were due 
to, the effects of partion, n dioxide, and view by physiologists 


ence of ongani¢: substances excreted into the the human 


“enunciated, the, influence air was due to the pre 


has by all “observers. ‘The. of carbon 
dioxide’ is indeed of fundamental importance: in relation to human 


the respiratory the absence of carbon dioxide, 


would cease a and asphyxia result and the inereased depth and rate of respita-_ 


‘dioxide in. n, the, blood stream. An atmospheric concentration of 2% of this ; 
causes an automatic increase of about 50% in 1 depth of breathing just 
such as occurs with moderate exercise; and in breweries and mines such con ; 
centrations are actually | borne 1 with no appreciable. discomfort. In the worst 


rooms dioxide content rises. only from. the normal 


e 
other hand, Pettenkofer’s alternative hypothesis of toxic. organic 
7 substances in respired air has proved as untenable as the carbon-dioxide theory — 
in explanation of the physiological phenomena. characteristic of badly venti- 
lated. rooms. Revived again and again, by Brown- Séquard, Weichardt, and 
- other physiologists, the assumption of such organic poisons has repeatedly — 
disproved by more careful studies. Certain subtle psychological responses 
tothe pr presence of atmospheric. odors will be considered |‘ subsequently, but it 
is clear that the ordinary sensations experienced and the ordinary physiological 
Fesponses manifested i in a badly ventilated toom are due neither to reduced 
oxygen nor. to increased carbon dioxide nor to the. ‘presence ‘of hypothetical i 
organic poisons. - Human occupancy of a confined space produces | five different: 


changes in the atmosphere, namely, decrease of oxygen, increase of earbon 


dioxide, increase of products of ‘decomposition (as evidenced 

“body' odor”), increase of temperature, ‘and increase of moisture. The first | 
three having ‘been shown to be inadequate t to explain the éffects of bad air, ; 


oe ‘must turn to the last’ two. As Professor Lee has summarized the situation 


4 


hl n epigrammatic form, “the problem of ventilation is physical, not chemical, » 


THERMAL, PROBLEMS OF VENTILATION 


“It! Hermans; of Amsterdam, Holland; who, in 1883, first” -elearly 
é theory that the evil effects of bad ventilation ‘were primarily 


‘and consequent |i ‘interference with the of heat 
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ing” years by F re! and his Breslau, Germany, and, leer va 
and Haldane in England: and by Benedict and the: New York State 
Commission on Ventilation in the United States. In one form or another 


these investigators: have repeated. ‘a single erucial experiment which be 
schematically. described as follows. Mi group of subjects is placed in a closed 
"experimental chamber and. ‘kept there while »dxygew idebreasea: and carbon 

"dioxide, organic matter}. temperature, ‘and humidity increase. They manifest 
the usual symptoms characteristic of “vitiated” air—headache, general dis- 


comfort, lassitude, changes blood pressure, pulse, vate, and the like. The 


attempt is then made to relieve these symptoms in two alternative ways—by 
‘permitting the subjects to breathe chemically pure air (admitted, for ‘example, ie 
through a tube from outside), or by lowering the effective temperature of the a 


chamber by cooling coils or the operation of fans, without altering its chem- ; 


ical composition. The first) procedure ineffective, the second 

It will ‘that, the vitally important Point in all this is 


in oF heat Ic loss from the skin and that this, rate of heat loss will depend on the or 
ine in uence of three d distinct atmospheric factors, temperature, humidity, 


Biro SEITE 
just and air ‘movement. WwW en. the temperature is low, heat loss from the body ‘gur- 

effected chiefly. by direct conduction and "convection and as moist 

loth ing conducts more readily than dry. clothing, moist cool air, feels colder 

03% than dry cool air, At high temperatures on ‘the “other hand, the body loses 

heat chiefly | by evaporation and as atmospheri¢ moisture, hinders this. process, fs 

moist warm air ‘feels hotter than dry warm air. At that of 


body, air movement accelerates heat loss. “and plays such an important 


Tole that s still indoor air at 72°. Fahr. may be really “svarmer” from a physio 


logical standpoint than : a. breezy outdoor atmosphere at ° Fahr,. 
Recent investigations, ‘particularly those carried on in New York, Ah 


f ma ade it clear that: these t thermal problems of ventilation are of the very ‘first 


‘importance, and that even slight degrees, of overheating produce. far-— 


teaching results. a In the first place the studies of the ew York § State Com- : 


‘mission that even an atmospheric, temperature of Fahr. in still 


duced sit caused a definite ‘inerease in, body temperature an nd rate, a 


s ical decrease in general vasomotor tone, and an increased rate of respiration. In 

etica os. To 

ferent ; the second place this relatively slight overheating caused a decrease of 15% a 
arbon 4 in the physical work performed by subjects not compelled to maximum effort bo 
vy the | but stimulated by a moderate cash bonus. " The inferences from this fact in . 
tegard to the economi¢ losses due to | factory workrooms are of. 


-far- reaching Significance. Finally,’ the studies showed that in fan- wentilatéd 
sation -schoolrooms, at an 4 “average ‘temperature of 68.5° ‘Fehr, ‘there was an excess 
mical, ; in respiratory illness amounting to 10% and an excess in absence due to a 
of 18%, ‘as’ compared with window-ventilated ‘'schoolrooms at. an 


>The conclusions to“ -be drawn froth ‘investigations are of immediate 4 
practical importance ‘to ventilating engineers, architects, schioolmen, and legis- 
marily ators, In a large number ¢ States ‘there now laws ‘which the 
thet 
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ventilation of schoolrooms by which effect an at 


_ the rate of 30 cu. ft. per min, These laws have been advocated by the Amer- 
ter jean Society of Heating and Ventilating Engineers in complete good faith 
the basis of the older physiological assumption that air -vitiation was a 
chemical condition requiring definite degree for its control. 

Ba wr New York State Commission results make it clear that the supply of 30 

. ft. per min. of air in the schoolroom is. not only needless but actually 
ars to health and comfort as it almost inevitably leads to. . objectionable 
overheating. In the interest of health and. of economy these laws should be 
io ls modified so as to permit of the construction of school buildings ventilated by 


regulated window inlets and gravity exhaust which the New York studies 
have shown to be, under some conditions at least, distinctly preferable to the 


‘The new conceptions of ‘ventilation here outlined make it clear that 


summer the whole world may be considered as badly ventilated. The prev- 


fies ‘alence of summer diarrhea of i nfants | s been shown to bear a direst. causal 


a relation to. ‘summer temperature, and it would be well for architects and 
_ engineers _ to. realize that August heat is as harmful as February cold and 
tha 5 provisions for specially, cooled rooms and buildings in summer are a3 


logical as those which we now make for heated buildings in winter. ‘The 


colleague, Professor Ellsworth Huntington, has shown by exhaustive 
and carefully co ontrolled statistical studies that the efficiency of factory labor | 
a maximum when the mean for the hours: averages 


about 60° and that the death” rate (based on figures for about 000 000 
_ de aths) i is at a minimum ‘when the mean temperature for the 24 hours is 64° 


fe -Fahr. and the mean relative humidity is 80 per cent. _ Professor Huntington 

a points out that a climate which is essentially ideal from: the ‘standpoint of 
wre 4 

moderate temperature and humidity and stimulating variability exists only 


Be Bees Europe, in the Northeastern and North- Central United States, 


‘in Japan, and i in parts of Australasia, and we may be prepared to agree with 
him that a | favorable ¢ limate has been one of! the major factors i in the develop- 


t of the dominant civilizations of the world. 


Ry’ The x relations between the atmosphere and the human body with | respect 

temperature, and moisture have been reviewed briefly. the 


four, primary physiological relationships of the aerial envelope there remains 


The v value of ‘sunlight as an adjunct to health has been stressed by hygien- s 

‘ists since the > days | of the Greeks. In the medieval: code of the School of 

_Salernum p is to Re admonitions: 


e sunny, clear and light, are 
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| that! ‘the average _amount of winter sunlight is diminished about 40% a 


was introduced into London about the end the ‘Thirteenth 
Century and almost at once an agitation against the ‘ ‘smoke nuisance” ” began, 

leading even in the reign of Edward I to a ‘prohibition of the use of soft coal aa a 

during the sessions Parliament. ‘English authorities have | devoted much 

attention ‘to this problem during the past few years: and have demonstrated 

the astounding fact that between 80 and 400° tons of solid matter per annum — a 7 

_ deposited from the air of English cities on every square mile of territory. > 4 

In Manchester and Leeds, England, and Glasgow, Scotland, it has been shown ae : 


of Paris causes a of 15 to 25% as ‘far as 10 fron 

In Cleveland, Ohio, “Chamber of Commerce has 


‘mated the financial loss due to smoke at $12 per capita p per ‘annum. 
So far as ‘the effects upon health are concerned, it must be remembered 


a purely empirical basis. Various authors reported statistical indi- 


eating that the death rate was higher i in n smoky cities than in rural districts 

ey in the smoky winter season than in summer; but conclusions drawn from a; 

at such analyses as to the harmful effect of a smoky atmosphere per se were ee 


dearly : fallacious. many of what the late George C. Whipple, M. Am. Soc. 
0. E., has called “concealed classifications” were involved for any sound ais. 
‘tinction between the influence of smoke and the influences of urban life or 7 


Rollier and his Swiss colleagues i in the treatment of tuberculosis by exposure af 
f ‘to sunlight rested on purely clinical observations which were not altogether = 
“eonvineing, in view of the fact that tuberculous patients who live a hygienic _ 


life so generally recover whatever other special treatment they receive. 


of ‘the winter season as a whole. Even the revival of the cult of Apollo by "0 


toon and incontrovertible experimental evidence as to the hygienic: and 


teacher of hygiene, when he | came to such problems hat of 
- the smoke nuisance, was forced to buttress his | case by ingenious hypotheses 
as to the effect of soot in causing - people to keep their windows elused, or in 
leading them to form habits of personal ‘uncleanness; but he quite 


When Huldschinsky i in 1919 showed that irradiation with sunlight or ‘with 
ie quartz mercury vapor lamp prevented and cured rickets, a new chapter in” oa 
physiological science opened. The work of Hess" in New ‘York, an 
Park at Baltimore, Md. , and New Haven, Conn, has made it cleat that rickets ey 


| can be controlled by two “apparently distinct agents, the administration of cod 
liver” oil and irradiation, neither obviously ‘related to the abnormalities ‘of Aas 


ealcium and phosphorus “metabolism which characterize the disease in itself. 
No w come Steenbock a nd Black and Hess with the _ demonstration that 


foods which do in themselves possess anti- rachitic. value may be endowed 


with such a value by exposure to ultra- violet light; finally and 


McQuarrie with the really epoch-making discovery that a long series of sub- 
stances curative of rickets possess the power, when of blae k- 
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THE ATMOSPHERE, AND ‘HUMAN ‘HEALTH (Papers 
a ening the photographic ‘plate as ultra-violet rays would do, while substances 
not which do not cure rickets fail to produce this effect., Furthermore, they find 
that; anti-rachitic substances) when irradiated give off oxygen, so that t the 
apparently independent. action of) sunlight and cod liver oil turns” out as 
(Park predicted to be truly interdependent. . -one.. ‘When cod. liver oil is 


“4 given to cure rickets we, are really administering “bottled sunlight’ ’. The . 
‘= possibilities for general physiological theory \(in regard to such ‘oxidative 

_ processes as those associated with hemoglobin and chlorophyll, for. example) 

a which are opened up by this discovery of the relation between. oxidation and 
radiation are’ no less than astounding; ar and as light rays influence general 

_ body metabolism so profoundly i in the case of rickets, it is altogether reason- 

able to suppose ‘that they may do so in tuberculosis and other conditions. — 

ee gi _ For the practical hygienist the chief immediate point is that there is now 


| was _ rational justification for the instinctive belief in the value of sunlight, a 


mew ground for ‘controlling the smoke nuisance, demanding ; sound. building 
_ laws, and advocating the outdoor: life. ' The superiority of scientific knowl- 
edge over empiricism is well. illustrated, however, by the fact. that. sunlight 
admitted through glass i is, robbed , of i its most valuable radiations and, as Bovie 


has shown in his studies of. diseases of fowls. at. the. University, of Maine, at 
Orono, this problem may perhaps be solved by the use of windows made of 


fused. quartz. Our: fathers were right i in believing that sunlight was a good 
thing;. how it acts. and how ‘its. benefits | 8 can, most practically bei: secured 
are just beginning, to comprehend, te o ad. ike 


vi lo oft at sou ge: eid bag il 
In ddition to the normal and universal constituents of the atmosphere 


are certain suspended materials, generally present. in, greater, or less 
among such ‘suspended, particles. are living microbe s of various 


Sorts, to which much sanitary, importance was attributed j in the 
Lister devised his, first. antiseptic spray. in. 1867, it, was, the. microbes i in the 
es x air which loomed largest i in his mind as potential factors i in. wound infection, 

and the work ‘of Tyndall and others demonstrated, that as far, as the decom- 


organic. Tiquids.y was concerned, the by, air might 


oe . "Since those microbes which are Present in air, are largely carried on ‘minute 
— particles, it as of, interest to. note that the, bacterial content of dust is a 
considerable one. ‘Kligler r and t the. speaker have. found, average of about 


000 bacteria gramme_ in the dust, of, city streets and between 


8.000.000 and 5 000.000 in indoor dusts. Most of, these bacteria are of course 
bes of harmless saprophytes types, b but t about, 1 in 1,000 | of the street dust eed 
in 4000 of the, indoor _mierobes were of an. intestinal whereas 


‘mem, ers_of the group ‘of. Streptococci ¢ haracteristic of the 


From 5 to 20 tubercle bacilli per gramme have been found in the dust a 


places occupied iby tuberculous patients.) 


the dust, which be collected. from floors and other surfaces, t the 


4 
- amount, which actually gets into the atmosphere i is after all very s small, , except 4 
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THE ‘ATMOSPHERE ‘AND HUMAN HEALTH 


_ when the dust is stirred up | by dry sweeping or violent winds 


bacterial content of the air is therefore generally ‘Tow. In one’ of Paster 


classic experiments, he o opened flasks of ‘patreseible liquids 


of air when’ they were opened), in various “Of hes 


exposed to normal country air at Arbois, ‘eight’ showed the presence of micro- C 


; organisms; while of ‘similar ‘Series ‘opened on ‘the ‘slopes of ‘the’ Lower Jui ura 


} Mountains only five spoiled; and of a third series exposed ‘on the Mer de 


Glace one only bécame infected. Sdola voult com) case bag 


a Browne and the speaker have found i in country air an average of 56 nniekobes: 
per éu. ft.; in city streets‘an average of 72; in the indoor air of offices and 


about 95; and i in factories, 113. of 
ut 


beg 


overwhelmingly negative. ie ‘been made clear that’ even’ the widely dis- 
tributed pus organisms get into ‘wounds not from the’ air, but from the skin 


Dore 


of the patients’ or the instrument ‘which ptoduced the wound or ‘other objects 

| which have come in contact with it; while the experience of well managed — 
hospitals’ has ‘shown that it’ is possible ‘to care for various ‘communicable 

| diseases in a single open ward without sérious danger of cross tntestion it 
aseptic technique is rigorously maintained. 


ie Within a 1 range of a few feet ‘the ‘direct ‘discharge ‘of ‘mouth spray “from 
an in portan: mger. | Trillat, in Paris, 


n' mois st droplets penetrate a cotton filter 


by animals i in are the’ deepest parts ‘of 


very quickly, while when borne by dry dust they are almost completely caught 3 a 
held ‘by the moist mucous ‘membranes of the upper nose and throat, 


phenomenon which the speaker ond may’ “be related to ‘the: electrical 


charges. borne by the respective types: ‘of partic eles. whole problem of 


- droplet infection ‘is, however, more nearly related to ‘c contact. than to general ms 
atmospheric pollution. ' “The mouth spray is a fine rain which settles quickly 
0 the ground, ‘nét disseminates ‘itself’ "through the air, and 


2 the 


of the suspended matter which it normally carries. ‘Lifeless organic 
“particles and finely’ divided inorganic matter present almost’ everywhere 
and are made manifest by ‘the reflection of light’ as the dancing motes’ ‘in 
‘sunbeam. Such play an important part in’ promoting the 


condensation of atmospheric 
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THE ATMOSPHER 


E AND HUMAN HEALTH 
moisture; and to the reduction i in amount of aerial dust i is due the clear- 

air in a pai box with glycerine- -covered walls that a beam of ‘light passed fF fac 

the box is entirely invisible. Part of ‘this ‘dust is raised from foes 
surfaces by. the wind like that borne into the City” of Pekin from the Gobi 


Desert. Part comes from volcanic eruptions. dust discharged during tho 
the great eruption of Krakatoa 1 remained for several years in the atmosphere Tesi 
and traveled many times around the globe. Another important fraction of 

aerial dust is of extra- terrestrial | origin because in addition t to the 20.000 000 * - dus 


fi meteorites a day which appear as “shooting § stars” 4 finer “ mineral particles of 


foreign source are. constantly pouring through our atmosphere in the form trac 


a The number of dust particles which may be detected i in the examination of 
air depends very largely upon the method of sampling and analysis. ‘Optical 
_ methods _ which depend on the: depth of fog _ produced by condensation of 
“per cubic. foot in ordinarily clear : air. r. For practical p purposes it seems prob- : 
able that the more minute of the motes in the sunbeam are of little practical — 
importance and. most methods of examination depend on ‘the ‘collection of dust 


by water- -spray or by impingement in water or on a vaselined 


a 


Counts made with the vith apparatus show less than. "10000. 
‘ “particles per cubic foot, (and less than 0.001 mg. per cu. ft.) in country air 
after a rain and 23 000 particles outside. the fifty- ‘eighth floor of the W oolworth 

as compared with 118000 particles per cubic foot in 1 the street 


outside the ‘Woolworth Building and about the ‘same number (100000) in 


ordinary indoor ¢ air. In dusty factories, « on the other hand, t the number of dust 
particles may rise to. millions. In an abrasive factory at Niagara Falls . the 
average of nine air samples gave the astounding result 000 
805 mg.) of dust per cubic foot of air. 
ee The influence of. ‘atmospheric dust upon health varies even more with the 
kind than with the gross. amount ¢ of, dust. which may be. Present. As to ‘the 
‘effect of. organic dusts little exact: and conclusive. information is available. 
Coal. dust and cement. dust. inhaled in considerable quantities appear hal 
quite d definitely to favor acute respiratory infections, such as bronchitis and : the 
pneumonia, but if. anything tend to diminish liability. to ‘tuberculosis. Silica use 


dust, on the other hand, has peculiar and characteristic influence in pre yea 


a © 


‘may be due to the fact that gilica particles are e less readily from 
lung. tissues than carbon particles and, therefore, produce more far 
"reaching, dbrotic changes through their irritating action ; how far to ome 


and how far to. other factors as yet cannot be. stated. 
‘ result, however, is beyond dispute, as is clearly shown ie. the vital statistics — 
granite te cutters, polishers, and grinders, 8, and 
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exposed to siliceous dusts. The City of Barre, Vt., in the center of granite- 
cutting ‘district, showed ‘for a 10- -year period a tuberculosis death rate more 
- than 250% of that of the State of Vermont as a whole. Tn a certain: axe z* 
- factory in Connecticut, the men employed i in grinding and polishing suffered. 
from a tuberculosis mortality more than 1 180% that of their follow employees” 2... 


in the same factory not exposed to silica dust. _ Seventeen: “men out of every + 
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- thousand i in this group of grinders and polishers died every year as a direct — 


result of industrial tuberculosis. pourra at lls ovodA. 


It is evident these facts that the presence of fine particles of silica 
is one of the most deadly characteristics which the atmosphere ¢ can 


possess; and that definite measures for the protection of the 


trades, by the use of enclosed or moist Processes, by the installation of loca 


exhaust ventilation, or by: 


In addition to these siliceous dusts which so to 
 culosis, the industrial hygienist must also contend, certain cerafts, with 


stmospheric dante and with fumes and gases of a specifically toxic nature. Ib 


pon reported to the State Department | of Health | during a period of 10 years, 7 


1 295 cases of industrial lead ] poisoning, and the vast majority of such poison- - 
pont are due to the inhalation of lead dust a and fumes. | In the hospitals — of = 


Detroit, Mich., during three ; years, there were treated 108 cases of lead poison- 

in g, of which 67 occurred i in a ‘single factory | among a group of men employed | 
in 
processes, lies i in adoption of methods which will the dissemination 


atmospheric dusts of poisonous nature, where this_ cannot. be accom: 


i plished, the protection of the workers by masks and respirators should “i 


Lead is still the important of the purely: poisons, but 
are many others which affect smaller groups of w workers in a more or 


intensive degree, Mereury salts. which cause the “hatter’s. shakes”, » arsenic, 
and other heavy metals, the oxides of nitrogen “which produce acute and ‘often 
fatal injuries to the lungs of munition and chemical workers, the irritant 


Das 


halogens, and a whole. host of organic poisons, ‘such as anilin and benzine 
their are e all common and serious industrial. poisons. The i increasing 
years; of the National Safety Council has been studying th he 
‘ ihe with the conclusion that the danger from this substance is a real one 


that it be largely controlled by efficient local ventilation. 


at Of more than purely industrial ‘significance is the menace of cart bon 

Monoxide poisoning. Unlike carbon dioxide, this is an active poison 

the red cells of the blood ; and it is discharged into the atmosphere 


; a wide. variety. of conditions which involve the one common factor of 

combustion. “industry, employees about blast furnaces, electric 


and similar installations are stricken down in almost instantaneous 
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“death txposed:» through | aébident he avy dose. of this gas. In 
the: home, fatal cases of carbon monoxide poisoning are increasingly common, | 


due to defective heating fixtures or to ‘the: use in small rooms of gas heaters 


designed to secure perfect combustion when their radiating ‘surfaces 
:  eold. In the State of Ohio during the winter of 1922-23 there were’ 113 cases” 

of partial asphyxiation and 64 deaths from carbon monoxide poisoning, 46 
of the cases and 41 of the deaths being due to gas-fired room heaters: 
Above all, however, it is in connection with the automobile that: danger 
of. ‘carbon 1 monoxide poisoning has ‘become most serious. One can searcely 
i pick 1 up a » paper in winter without reading of accidents due to the liberation 


of carbon “monoxide from engines kept running in closed garages. 


ict. ‘more, ‘it | seems probable that aside from the acute and fatal cases of f poisoning | 
‘there is a widespread chronic intoxication | among garage workers and others” 

4 exposed to this gas. A recent study made by Ciampolini for the State Depart- 

“ment of Labor of New York, showed that of 31 garages, 24 showed carbon 


"monoxide in the air, 17 of them in an amount in excess of 0.1% which is 
‘set as a’ danger limit: by competent: authorities ; while of 42 workers in these 


garages, “were examined physically, showed evidence of 


monoxide in their! blood vand 1 many exhibited ‘definite clinical symptoms of 
carbon monoxide poisoning: Henderson’ and Haggard believe that even out- 


ont 


doors dangerous | concentration of carbon monoxide may be reached under -condi- 
tions. of: ‘crowded street traffic. The remedy suggested by these investigators 
is the equipment ‘of all closed: automobiles with a vertical exhaust,’ discharg- — 


= above the roof so as to vearry the’poisonous gases away from: the breathing | 
_ gone outdoors: and to discharge them into the 1 range of roof ventilators in the 
 gatagec In view of the seriousness of the hazard involved, this policy deserves _ 


and is receiving: the very sérious consideration of health’ authorities throughout © 


ary at Ningara 


‘that’ miasmatic vapors of the were the chief causes 


epidemic’ disease dates: to the days’ When’ 
om 


‘the streets of Athens to purify the’ air and put a stop to th ‘plague. 
= aby peristed as a dominant factor in medical _ teaching for 1 (600 years, Ee 


whien' the ‘medical faculty’ of Paris reported 6 on ‘the épidemic of plague which 


‘that city in 1348, they y attributed ‘the: disease as Hippocrates did, 
primarily to ‘malign’ ‘conjunctions of the planets and, secondarily and 


‘to a corrupted: atmosphere. | A free translation of one paragraph of 


this famous document would read somewhat a follows: 
“Although ‘there is danger of pestilential sickness from corrupted water 


nd food as is observed in times of famine and drought, yet there is greater 
danger: of sickness from the corruption of the atmosphere. For bad 
more injurious than wg or drink on account of the velocity with which it — 
penetrates to heart and 1 lungs, with its. evil qualities. We: believe that the 
‘present epidemic or plague arises immediately from air not only qualitatively ae 
altered” but corrupted in its substance. By this I mean that normal air — 
"existing ‘in its clear and pure state’ ‘cannot or ‘become corrupted unless 


Pape 
by 
= 
wer 
leac 
era’ 
oth 
— 
— 
‘ize 
of 
— 
me 
va) 
— 
— 
ar 
— 


> 

i en raised up and disseminated through the air 
| by the blasts of the ere, = turbid southerly winds, on account of iter iol 
| a humid vapors which they bring or have brought with them, the air itself has — 

| become corrupted. Air thus corrupted necessarily penetrating to the heart 
- corrupts the substance of the heart according to ‘its nature, and decays the 
‘ surrounding tissues in similar manner, finally according, to nature extends 


| and corrupts the principle of life. This is the immediate cause of the present — 


ae Even fifty ye go it was still held that such diseases as typhoid fever of 
and cholera were pythogenic in origin, that is,, that their causative miasm 


were generated | by the decomposition of organic filth. Murchison, one of the 

leading 1 physicians of his time, taught i in 1873 that such fevers “ ‘may be gen- 

| erated independently of a previous case fermentation of focal, and perhaps 

__ other forms of organic matter” and that in these diseases “ “the poison is not a 
like» that of “small Ox, given off from ‘the body in a, virulent form, but. is 

by the decomposition of the excreta after their ‘discharge.’ 


_ John, H: Griscom, of New Y ork, writing in 1854 displays an even more “exact Mn i 


knowledge of the etiology of such diseases. He says*, on what authority the | 2 


> 


— Carmichael Smith discovered that the vapors of nitrous acid mci 3 
ize and render harmless the typhus miasm, which he ascertained to be sulphuret 
of ammonia, and on ‘the utility of this discovery being duly tested and con- 


| firmed, a sum of 5 000 pounds was voted to him by the British Parliament, as_ a 


fi The development. of the science of bacteriology gradually dispelled, these _ 


Iiasms which certainly existed as corrupting influences in the. thoughts of 
men even if did not influence their physical health; and to- -day it is 
— ‘that the ‘communicable diseases’ are no more influenced by atmospheric se 7 


| 


‘Vapors ‘than’ conjunctions of the stars. The fear of ‘noxious odors is, 


howe eyer, very deeply implanted in human psychology and even after, the germ — 
theory was ‘well established the old terror persisted» under a new guise—that iy i 
the alleged influénce of organic « emanations—morbifie matter, 


_anthropotoxin—in atmosphere. ‘The’ physiologist, Brown- -Séquard, “was 


“perhaps. the most famous, proponent of this theory but all efforts demon- 


strate the presence of ‘subtle organic poisons. in air vitiated by ‘organic 
-position have for the present failed. ti ovad dud tomas bet 


~The’ ordinary effects of the air of a badly: ventilated 3 room, as 


out, I have been clearly shown to be due to physical ‘rather 


ical factors, Fortunately, however, we. are safeguarded from too arbitrary 
dogmatic dismissal of the whole problem of bad smells to the: limbo of 
Chimeras by the’ experiments of the New York State Commission on Venitila- 
tion ; and it is always a ‘relief to find at least some experimental justification a ee 
a widely held beliefs, since empirical opinion is so likely to. prove itself in the 
long run not without justification. These New York studies indicated | that wie 
ie air of an occupied 1 room, even when artificially controlled fro 
Point of humidity, did have two slight but 
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“THE ATMOSPHERE AND Pape 


awe than in fresh air; and they showed a marked diminution in (deaibhste, 
the quantity of food eaten at luncheon served in the stale air being from 4 to 


14% less’ than in fresh air. of the same temperature and humidity.  Experi- 
ments laboratories: Yale ‘have similarly shown the 


to the ‘discomfort and at minor of produced 
by more concentrated odors there can of course be no question. 
most -exha aust ve study of this problem with which the ‘speaker i is familiar 
j ontained in a ‘a “Special Report of the Rhode Island State Board of Health 
‘on the Cause, Prevalence and Effect Offensive Odors in ‘Providence, 
- Cranston, East Providence, and Warwick during 1921.” ee Th 


"were produced by the burning of high sulfu r fuel by the distillation 


NG and refining of ‘petroleum. ‘Their influence e extended for distances of 3 3 to 4 
miles: from the plants at which they originated ‘and was felt b by a population 


“of 126 000 people. Record was obtained of definite symptoms affecting 


474 


persons, invitation of the suffocation or choking sensation, 


Bestest headache, d , dizziness, and | malaise, ‘easonably a attributed to the oC ors in 


question. Mr, Stephen DeM. Gage, the Chemist and ‘Engineer in “charge 
of .this ‘avestigation; ‘discusses the situation as. follows, in ina passage ‘which | 


deserves ‘much wider publicity than that attained by the usual State ‘report: 


@When our investigation was first started certain physicians and public 
health men with whom we discussed the matter expressed the opinion that the — 
subject. of offensive odors was not a health matter; that the effect, if any, 
purely psychological. This is largely a question of the interpretation 
_- Binced on the term health. With a very few exceptions the ‘symptoms of the 
b= cited in the previous pages were temporary and not lasting. But, while 


7 
rag 


ie effect lasted, it was very real and in certain cases sufficiently severe to 
the victim and of sufficient duration to interfere seriously with 
¢ his regular avocation. In other words it reduced his mental and physical — 
7 a efficiency for a greater or less period of time at intervals which were dependent — 
on the frequency of recurrence of the odors. It is well recognized by physiol- — 
ae ogists: that intense and offensive ordors may cause reflex actions affecting the 
nervous, digestive, | and the secretory systems. reactions 
repeated cannot help but have an unfavorable effect on the general health. 
Even if the effect is psychological rather than. physiological, if the effects — 
- produced upon the system are the same, the ultimate effect on the health — 
“From the of our own investigation we know there are at 
least 96 persons who are or have been more or less seriously affected by these 
odors. From physicians have been received reports of 32 persons made il 
a. and of 15 persons suffering from other diseases whose illness has been aggra- 
vated and perhaps their chance of recovery lessened from this cause. All or — 
g : nearly all of these persons show a record of symptoms identical in character _ 
__ with those known to be caused by fumes or vapors of certain substances which — 
‘ from all available evidence are probable constituents of the odors 1 which these — 
hs "persons have been forced to breath at least a material portion | of the time for 
‘ a period of many months. The consensus: ‘of opinion among Rhode Island 
—_——or expressed in their replies to our inquiry, s to the effect not 
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only. that the course a number of diseases may be y affected 


: 7 certain of the constituents of these odors, but also that the effect of these odors: 
or fumes would be to the good health of normal persons.” 


economic grounds, but under: certain circumstances: may con 


8 h. Hide oda vd 
is primary therefore, that sewage and garbage disposal 


plants, packing houses, and oil refineries should be designed and operated s sO a 


as to minimize the discharge 3 into the atmosphere of products of organic decom- 


& position or of offensive fumes. from the combustion and handling of odorifer- Pe 


ous materials. The task is exceedingly difficult when one is dealing with anch 


4 substances as s hydrogen sulfide which the nose can detect ‘when present to the ; 


which is -five times more ‘than. sulfide. In 
the se selection of processes for the disposal of sewage and garbage the possi- 
- bility of aerial nuisance must always be a determining factor and where the 


by. the u use e of ehlorine or in some other way should be g given the most ‘eareful 
‘THE ROLE OF THE ENGINEER IN PROMOTING THE Purity or THE 
bringing this somewhat lengthy | dissertation to a close, the speaker 


would point out that success in the effort to maintain a pure _ atmosphere under a1 a 
the difficult conditions of urban civilization depends on the co- operative effort | 


of ¢ engineering experts of all the various types represented i in the Society, and 


is not merely the affair of the Sanitary Engineering Division alone. 
It is for the to conduct intensive ‘studies of the 


4 
of effect upon health. It is primarily fo for him, also, to see that sewage an and 
[= plants, which are among the most prolific s sources | of complaint, “ are 


designed and operated with a minimum o resulting nuisance. es 
£ ca For the control of odors from industrial plants, however, an sanitary engi- ee 


a , neer will often be forced to call i in the chemical engineer, ei ther to re-arrange 
__Hrocoeues 80 as to diminish odor | elimination, | or to destroy ‘the odors before _ 


they are discharged into the atmosphere by chemical means. 


ee For the protection of ‘the industrial worker against toxic fumes and dust Re, 
a and against the deadly influence of ‘siliceous particles, the ventilating | engineer ae 


“must design | ‘special local exhaust systems, and it is to the heating and venti- 


| lating -engineer—educated in the newer physiology and freed from the fetish 
q i 30 cu. ft. per min. —that the public m must look for the maintenance of com- 
fortable air conditions in schools, ‘offices, churches, theaters, and other 


nee mechanical « engineer can help in the task of promoting atmospheric 3 


provision of automatic stokers and smoke consumers. Even 
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_ electrical engineer has his physiological funetions. «The speaker can see no 


evidente that the ozone he offers’ as an adjunct to ventilation is of the slightest 

value; but ‘his ultra-violet rays” indispensable in “every well- equipped 


Finally, even ‘the ‘railroad engineer and the highway engineer must come 


the picture, ‘for the problem securing fresh” air and sunlight for the 
a yeller in great cities is a problem which can only be ‘solved by intelligent es 
| town planning and | by the skilful use Of transit facilities which ‘shall distribute ra 
urban populations over a wide area, 

eS In a dozen different’ ways & thing so common as “the air we breathe” must “ee 

safeguarded and by the watchful hand of applied seience. Thus ‘mer 

Ee can truth, which as e engineers ‘and scientists ° ‘we serve, free all mankind effi 

from ‘the shackles of preventable disease and death. west and 
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problem of sa fi guarding health ‘aed preserving the ‘comfortable enjo hs 
f property | is becoming increasingly complex. | While remedies grow more ~ 


- isin. standards mount higher and new dangers are added by commercial 


“and industrial persed nd the Steady influx of population from rural dis 


tamination o of the a air, 
to the preservation health life, and the comfortable 
of property than the privilege to breathe clear, pure, and wholesome 


which tend to pollute ‘he: air, it ‘was recognized that 
malodorous fumes and stenches impaired 1 health b and ¢ disturbed the enjoyment — 
of | property. Early legal protection was confined largely to the effect of such 
‘contamination upon the enjoyment of property, but as far back as Coke’s time 
‘the common law had | extended ad its protection tot the public i in a limited way. _ 
i i: The law relating to the suppression of dangerous and distasteful fumes and E 
is found in that division of _substantiv e law | known _“nuisance’ 
According to Blackstone, a nuisance is. “anything done to the hurt or annoy- 
ance of the lands, tenements or hereditaments of another” The present « con- 
ception of nuisance is broader, however, and “is anything that works an 
harm or “prejudice to individual or the 4 


‘ee and damage to a few persons or even to one person 


4 when they injure or annoy that portion of the public» which necessarily « comes _ 


‘There is a third ‘called - mixed nuisances “which are ‘both public 
Private in _ their effects—public, because they violate public rights, and i injure 


“Many persons, or all the sommes and private, in n that they a 

there is a classification as to the nature. of nuisances 

those which i their are nuisances per se or 
‘nowneed by the common ia or by statute; second, those which in their nature © i 
are not nuisances, but may become so by reason of their locality, surround- — 


ings, or the manner in which they may be conducted, managed, ete.; third, 


Deputy Attorney General, State of York, N. 
Defini taken from Case Law”, 20, PP. $29, , 383, 


- They are public when they violate public rights, and produce a common injury am 
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LAWS RELA ATING TO OBNOXIOUS opors [Pap ers, 


location or it is said to be a ‘nuisance per se’.” 
_ These definitions cover the basic law governing nuisances. rules are 


a: “to day. as s they were 3 the time of ‘their conception. _ The law is progressive 
a and attunes itself with the onward march of civilization. The unitiated, the 


y_dub the law as reactionary; but their 


7. judgment i is based upon either lack of knowledge or wilful blindness. Legal 
Teasoning” does follow established principles and honored precedents, but the 


decisions the high Courts of to- -day are undisputed proof of the flexibility 


tain 


of these dogmas in meeting current needs," “The Chief Justice of the great 


Court of Appeals | of New York State —— 

a shall follow. the thought that administration of the law is a practical 
matter and that where possible, it must with reasonable flexibility | adjust 
‘itself to new and changing conditions and, in accordance with recognized 


principles, must attempt to solve the problems of life in a well- ordered, fair 
and reasonable way which will secure the approval of well informed and intel- 


And, the same subject further, he said: 
ot wis wos mo ball 


somewhat general ‘terms, we may safely define. in ac- 

ae cordance with generally accepted concepts as a disposition on the part of the 
Courts toward liberal interpretation of remedial statutes to the end of accom- 

: " plishing the purposes for which they were enacted; a disposition toward that 
interpretation, extension, and, if necessary, modification of legal rules and 
= precedents so far as permissible which will secure what the sensible and well 

: aaa student would regard as a greater measure of justice: between pri- 
litigants; and a liberal, but justifiable ‘and faithful, interpretation 

_ Constitutional provisions in the direction of upholding the legislative fune- 


tion to adopt enactments for the greater protection and welfare of the public.” | 


legal principles governing the regulation and suppression of nuisances 
ha Prey the earliest days of the common law, have constantly yielded to the 
exigencies of progress, ‘the limited application property rights has 
been. developed to the: broader r rights of the individual as typified by 
the public. ‘The subject assigned | to the speaker ‘relates ‘to pollution of the 
air and this discussion will be confined to those offenses in the category of 
ie —— which render the air unwholesome and unsanitary and constitute 
@ menace ‘to health and the reasonable and peaceable « enjoyment of property. 
ta It is evident that, in a paper of this’ character, only broad general principles _ 
32 can be considered and the distinctions and differences so ¢ommon ‘to the law 
must be passed over. with the comment that. they exist. 
The, early cases involving private. rights pertained very largely to the” 
noxious odors emanating from pig sties and other animal enclosures, vaults and i 
: privies, and from such commercial enterprises ¢ as kilns, ‘smelters, coke ovens, 
5 and apothecaries. These st structures or trades have not generally been considered 
nuisances pers se because they constituted an essential ial part of domestic life 


ot " and business activities 8; but objectional and deleterious odors emanating from 


2 


* Cornell Law Quarterly, Vol. 9, No. , 4, 371. + 
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| Papers. 7 : “LAWS RELATING TO OBNOXIOUS 
tality these sources” have’ always been held to be actionable and, if sufficiently — 
ective “harmful, subject to injunctive relief in “equity. ‘The law in this espect has 


as 
been. established for centuries and been particularly well summarized in 


leading case of the United States Supreme Court:* Wr aodtod 


easive “There is no of the general a man ‘may do what he 
d tl will with his own, but his right is subordinate to another, which finds expres: 
ts “he F sion in the familiar maxim: sic utere tuo ut alienum non laedas. His right is. 
‘their to erect what he pleases upon own land will not justify him in maintaining 
Legal a nuisance, | or in carrying on a business or trade that is offensive to his neigh- — 4 ) 
bors. _ Ever since Aldred’s case, 9 Coke, has been the settled law, bot 
‘bility. of this country and of England, that a has right to maintain a 
structure upon his own land, which, by reason disgusting smells, loud or me 
{Great peor noises, thick smoke, noxious vapors, the jarring of machinery or the | q 
-unwarrantable collection of flies, renders the occupancy of adjoining property 
cata dangerous, intolerable or even ‘uncomfortable to its tenants. No person main-— 
adjust taining such a nuisance can shelter himself behind the e sanctity 3, private = 
l, fair Although | the rowth of -communit life and the development of ‘industrial pe 
g 
activities have. ‘created ‘new conditions which | often menace ‘the health and 
comfort ‘of the occupants of adjoining premises, , the Courts. have continued 


pov od 


po, to. extend the rule cited to these situations. for the protection. of neighboring _ 


_ Of course, it must be borne in mind that an owner of land is ams entitled 7. 


a = — to the reasonable use of his premises and if damage results to his wolaliber.. : 


from such use it is ‘not ‘actionable. Probably the contamination of the air 7 
n pri by soot, and gases resulting from the burning of soft coal presents the most _ - 
on of id example of the effects of ‘modern industry when conducted in or “near 


funec- village “or city. The New York Courts, were called upon to enjoin such 


bie” a nuisance almost twenty years ago and held that in the case before it the 
sances burning of soft eoal w was: not necessary for the ‘practical ‘running of the plant 
the and constituted an ‘unreasonable use “of. ‘the ‘manufacturer's property. T 
3 has” facts are: interesting in defining ‘the scope of the case. It appears that the 
ed by Brut in question was located on the outskirts of a village of 13 000 inhabitants 
of the in a sparsely settled neighborhood, but. one suitable for residential purposes. — 
ye The nearest dwelling. was owned and occupied by the plaintiff and was dis- 
stitute en 840 ft. When the wind was in the tight direction, the soot and gases ic -. 


from the defendant’s plant | settled upon the premises of the causing 
discomfort and ‘slight discoloration of the residence property. The 


disclosed that hard coal could be. used to ‘operate the plant, although th ¥ 
expense would be greater. Under these circumstances, the Court 


damages to the plaintiff and enjoined the defendant from further operating 


¥ s its plant with soft coal. ey This case created wide comment at the time of it 


the 


determination as the damage proved was quite inconsequential, but it firmly a 

le established the rule in “New Yor State that no one may make an unreason- — a 
life able use of his property to ‘the injury of his neighbor. The Court, in its 
we wits SI WR) } re 
from inion, discusses private nuisances as follows “A 


vs. Natural Carbonic Gas Co., 189 
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“LAWS RELATING TO OBNOXIOUS ODORS 
be! but to wl hich, there 
“The law relating to private nuisances is a law of degree and. usually 
- turns on the question of fact whether the use is reasonable or not under all 
the circumstances. . No hard and fast rule controls the subject, for a use that 
- is reasonable “under one set of facts would be unreasonable under another. 
— WI hether the use of property to carry on a lawful business, which creates 
smoke « or noxious gases in excessive quantities, amounts to a nuisance depends > 
on the facts of each particular case. (21 Am. and Eng. Ency. of Law, 2d ed. 
692.) Location, priority of occupation and the fact that the injury is only 
occasional are not conclusive, but are to be considered in connection with 
all the evidence and the inference drawn from all the facts proved whether — 
the controlling fact exists that the use is unreasonable. If that fact is 
~ found, a nuisance is established and the plaintiff i is entitled to relief in some 
form. Unless the fact is found, or it is an inference of law from other facts 
ee no ‘nuisance > is established, even if the plaintiff shows that Poel 
suffered some damage, annoyance and 3 injury. Those evils are at times inci- 
dental to civilized life and the sufferer finds compensation in the arts and 
agencies of civilized society. What is reasonable is sometimes a question of 
law and at others a ‘question ‘of fact. When it depe nds upon an inference — 
a fact. Whether the use of property by one person is reasonable, with refer- — 
ence to the comfortable enjoyment of his own property by another, generally — 
a upon many and varied facts; such as location, nature of the use, 
_ character of the neighborhood, extent and frequency of the injury, the effect 
‘on the enjoyment of life, health and property and the ot 


And, further, referring p particularly to the nuisance created by the smoke: 


“The defendant’s business is lawful, and hot : a nuisance per Wthiough 


it has been found that as carried on it is a nuisance in fact. The extent 
more than the nature of the injury, the quantum, rather than the damnum, 
constitutes the nuisance. Some smoke is generally created by the natural and 
ordinary use of land near a village or city, and while this may sometimes be 
annoying to neighbors _ it is part of the price paid for living where there 
o- neighbors. But when the smoke is so unusual and excessive as to mate- 
tially interfere with the ordinary comfort of human existence, the trier of 
the facts, taking into account all the circumstances, such as public utility, | 

- locality, immediate surroundings and the like, may find the use unreason- 
able. This is not a case where the defendant cannot carry on its busines 
_ without injury to neighboring property, for all damage can be avoided by the 

; use of hard coal, as is done by one of its competitors in the same | _ kind of | 
x business i in the same locality, or possibly by the use of some modern appliance - 
such as a smoke consumer, although either would involve an increase in 
expense. It is better, however, that profits should be somewhat reduced when 
he did not come to the nuisance but was there before. “The safety of property 
-& generally is superior in right to a particular use of a single piece of property | 
by. its owner. It renders the enjoyment of all 3 property more secure by pre- 
oe: venting such use of one piece by one man as may injure all his neighbors’ : 


(Sullivan vs. Dunham, 161 N. Y. 290, 300). 


ee “This case has been dealt with at ‘Length because it so clearly sets forth 
the law relating to private nuisance caused by carrying on a lawful business, 


and also” because deals particular] ly with the ‘burning of soft coal which q 


undoubtedly constitutes the most pronounced nuisance in ‘populous communi- 


ies. 
2 ‘Lik e the law relating to private nuisances that governing public nuisances 
| has i 


_ from peculiar, numerous or coummllliahed circumstances it is usually a question § 


in the common law. Blackstone defines 
s against the public order or economical at the State, b 
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either the doing of a thing to the annoyance of ‘the King’s 
neglecting to to do a thing ‘the common good requires. ”* According to 


current decisions a public nuisance exists” whenever a common or public right 


a. invaded. + The annoyance ; must affect a substantial number of persons pid 
order to constitute it: a ‘common or public nuisance.t Publie nuisances 


the part wile“ the broader and larger common ‘Tights, 


although frequently a public nuisance “may also become ‘private one when 


special damage i is ‘inflicted ‘upon’ the individual in the occupation of his prem- 
ises.§ In’ illustration, a stable may be so negligently maintained a well a 
- settled neighborhood that the entire. community suffers discomfort from the 
i ‘disgusting odors” emitted and, at the same time, the occupants of adjacent 
premises may suffer special "damage by being denied the comfortable enjoy- 


7 _ A public nuisance, as its character indicates, is indictable|| and may even 5 


nj ine 


dus Although public. nuisances have long been recognized by the common law, 


it is probably ~ -a fair statement that to- day most of the invasions of common iy” 


rights are characterized by statute or ordinance as public nuisances. 10 This" _ 


does” not ‘signify, ‘that statutes ordinances comprehend all acts which 
constitute public nuisances, but they usually include those ac acts which are 


most likely to impair common rights. Neither does it mean that every act 
xtent z= declared by the legislature or municipal government to bea public nuisance 
num, will’ receive that construction | when reviewed by the -Courts.** Even 
legislative or local governing bodies have declared certain acts be nuisances, 

such acts must be in fact. nuisances known in the law. tt : 

mate- Side The effect of ‘the legislative or municipal declaration is to eliminate ¢ any — 
ier of - question of the resulting injury being a common one, but it does not — 
tility, an unlawful act lawful. tt When ‘the determination _rests “particular 
eee s facts, and they present « ‘a question fairly debatable, the judgment of the legis- 
ny the lature will usually be adopted and confirmed.g§ 
ind of ids The right to brand certain acts as mang nuisances by statute or ordinance 
liance ff rests in the police power of the State. The law is well settled that legislation = 
se P & a 
for the protection of the health, morals, and welfare of the people i is a 
operty exercise of the police > power of the ‘State. The ‘validity of such statutes in 
operty — tended to suppress ‘noxious odors was challenged in ‘the famous “Slaughter | Pa 
perty 
‘House Cases” and sustained by the United States Supreme Court.|||| The cases 
special co comment. In 1899 the “Legislature of the State of Louisiana 
+ Jones vs. State, 38 Okla. 218; 132 Pac. 319. 
siness, Flynn vs. Butler, 189 Mass. 377, 386; in re Debs, 158 U. S..564. 
which na. § Quinn vs. Lowell. Electric Light Corp., 140 Mass. 106; Acme Fertilizer Co. vs. State, 3 34 4 
amunl- || Commonwealth vs. Packard, 185 Mass. 64, 66. 


{ Delaware Division Canal Co. vs. 60 Pa. St. 
Lawton vs. Steele, 152 U. S. 133, fli to to 


__. tt Commonwealth vs. Boston, 97 Mass. 555; Richards vs. Washington Terminal Co., 233° 


-§§ Hadacheck vs. Sebastion, 239 U. S. 394. 
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LAWS RELATING TO OBNOXIOUS ODORS 


by statute provided that the business of ‘slaughtering all ails, in the City 


a 
of New Orleans should be confined. to certain restricted areas and granted to 
particular corporation the exclusive privilege to erect and maintain 


| 


_. hues to carry on this. trade and the > right | to exact 1 fees for this service, ret 
—_ all others from erecting and ad maintaining such structures or engaging J 
a 


in such business. Court affirmed the judgment of the Legislature that 
the slaughtering of « cattle in a great city constituted a public nuisance and that Ct 


it, was a the police power of the Btate. to locate 
“houses where. health , and comfort required. A part. of the. opinion of this 


Court is Mheniesting-3 in. . defining the scope of public nuisances and ‘the in- 2 


herent power of the sovereign to prohibit them tye 


=f ‘Unwholesome trades, slaughter houses, operations offensive to the senses, i 


the deposit of powder, the application of steam power to propel cars, the build- 
ing combustible materials: and the burial of the dead, may alte 


private must be made subservient to the of 
- the community. ’ This i is ¢ called the police power, and it is, declared L by Chiet 


boundaries, or prescribe limits to its exercise. This power is, and must be 
from its very nature, incapable of any very exact definition ‘or limitation. — 
Upon it depends the sect curity of social order, the life and health of the citizen, 7 
the comfort of an existence in a thickly populated community, the enjoyment 4 
— private and social life and the beneficial use of property’. ‘It extends’, says — 
_ another eminent judge (Thorpe vs. Rutland & Burlington R. Co., OT Ver- 
149), ‘to. the protection of the. lives, limbs, health, comfort ‘anid quiet 
of all persons and the protection of all property within the State’, rr Re | 
and persons and property are subjected to all kinds of restraints and uisdens 
tn! order to secure the general comfort, health and prosperity of the State. 
Of. the perfect: right of the Legislature to: do this, no question ever was, or, 
upon acknowledged general principles, ever can be made, ‘so far as ‘natural 


The police power is very broad. It was” even h eld by Cc 


to perceive and realize ‘the existence and ‘sources of it than to mark is 


affirmed in the United ‘States Supreme Court* that where a fertilizer 


ae 


established. by Act. of the, General Assembly, and ‘subsequently a 


meen grew up about the plant, that under a a village. ordinance. to sup- be 


press the operation of the plant, a bill in equity to prevent the enforcement | 


of the ordinance would be- denied. The pecuniary injury, which directly 
‘geaalbed 3 to the ‘company from the s stoppage of its works was held no bar to the 


exercise of the ] police | power of the State. 


Statutory Tegulations to prevent nuisances are less common, “however, 


local ordinances. The answer is fost anid villages in 


"their charters are delegated with, power t to adopt ordinances for the 


ie of the | health, safety, and welfare of the community. _ Inasmuch as conditions — 
are 80, different in each locality t the | local | governing body is better able to a 


- appraise the local situation and to make its rules accordingly. Of course, the 
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never includes matters affecting State policy. al 


ate Neither the State, nor the ‘municipality can. make an unlaw£u 1 act lawful 


by statute or ordinance. | Such action may rob the act of its character as > 
public nuisance, but if. injury results to person or property, the act still con-- 
‘stitutes a private nuisance. a In this connection. reference ‘is called to a case 
wherein. a municipality erected a pumping station i ina residential 
4 burning ‘soft coal to ) produce p power, thereby damaging the plaintiff's residence - 
- The defense asserted that, “in establishing the pumping plant and thereafter | 
operating it, the defendant ‘Was exercising ¢ a governmental function delegated — 
to it by the State, and, therefore, it was not responsible, for the misuser of 
‘its delegated | power. The Appellate Court affirmed a a judgment for the 
tiff on the ground that the delegation of authority must be exercised in con- 


¢ formity with private rights, and if thie destruction be -involved, 1 in such a 


“case, payment must be made.* ai enoitoe 


ori ‘The law has also been clearly stated by the nation’s highest. tribunal: too 


“There are many and sary occupations which, by ‘the odors. 


burning of lime, and the like. Their presence near one’s dwelling-house would 
often render it ‘unfit for habitation. — It is a wise police regulation, essential 
to the health and comfort of the inhabitants of a city, that they ‘should be 
arried on outside of its limits. Slaughter-houses, lime-kilns, and tallow- 
emia are, therefore, § generally removed from the occupied p parts of a city, 
or located beyond its limits. No permission given to conduct such an oceu- 
~ pation within the limits of a city would exempt the parties from liability — 


of a city, such slaughtering, of the ‘raining of tallow, 


the Courts thoroughly ‘recognize’ importarice 
of maintaining the ‘air free from pollution. In a ‘renown case the State of ‘4 
Georgia filed a bill i in, equit in the United | States Supreme Court to restrain 
= 


- a corporation maintaining and operating its “plant ‘i in the State of Tennessee eS 
ase from permitting 1 noxious odors and gases from escaping therefrom. and being © 


carried by the. -winds over the forests, orchards, and crops | of Georgia, , causing» — 
‘destruction. In granting the desired relief, the Court w rote: 
Tt is dented on the part of a sovereign that the i 
air over its territory should not be polluted on a great scale by sulphurous — 
acid gas, that the forests on its mountains, be they better or worse, and what- — 
ever domestic destruction they - have suffered, should not be further destroyed 
or threatened by the’ act of ‘persons s beyond its control, that the crops and 
ore hards on its hills should not be endangered from the sanie source.’ ellecion — 


ein case is also noteworthy in that it not only recognizes the jurisdiction — 


‘the Federal Courts to entertain in equity” ‘the’ petition of a State in its 


+i  quasi- “sovereign capacity, but it establishes a more liberal: system of law 
the State is a suitor. to these features of the’ ‘case, the opinion reads: 


* Gordon vs, Village of Silver. Creek, 127 App. Div. (N. 888. 


Baltimore & Potomac R. R. Co. vs. Fifth Baptist Church, U.-S. 317, 334. 


bs 


Georgia vs. Tennessee Copper Co., 206 280. 238. 1801 Home 
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“This is a suit by a State for. an injury. to . it in its capacity of | 
sovereign. In that capacity the State has an interest. independent of and 
* behind the titles of its citizens, , in all the earth and air within its domain. - It 
has the last word as to whether its mountains shall be stripped of their forests 
a and its inhabitants shall breathe pure air. It might have to pay individuals 
_ before it could utter that word, but with it remains the final power. * * * 
Me ‘“Poee) peculiarities necessarily mark a suit of this kind. If the State has 
a case at all, it is somewhat more certainly entitled to apedifie relief than a 
‘private | party might be. It is not lightly to be required to give up quasi- — 
sovereign rights for pay; and apart from the difficulty of valuing such rights 
in money, if that be its choice it may insist that an infraction of them shall be | 
y stopped. The States by entering the Union did not sink to the position of 
private owners nya] to one system of private law. This Court has not quite — 
the same freedom to balance the harm that will be done by an “injunction 
against that of which the plaintiff complains, that it would have in Seiting 


between two subjects a single political power.” '3 it 


af Upon the foregoing eanietits; the State of New York through the Attorney 


General in 1916 instituted actions in equity in the Federal Courts to restrain — 


certain corporations operating in Edgewater, N. J ‘opposite Riverside Drive, 
New York, N. Yi. from discharging over said ¢ city, quantities of noisome and — 


disagreeable. smoke, fumes, -effluvia, and noxious and poisonous vapors and 
gases, thereby endangering and injuring the comfort and health of its citi- 


rene. These actions were the culmination of investigations conducted by i 


‘Health Department of New York State, « commencing by order of the | overnor 
4 in 1908, and carried on almost continuously until the beginning of the ee 


tion. The reports rendered upon these investigations disclosed that, because of 
the fumes and gases cast over from the New J ersey ‘shore, the air was quite 


generally badly contaminated over that. section of New York ‘bounded | by 


id Central Park West and the Hudson River and from 7 2d to 135th Streets. ‘The 
a ‘State of New York thereupon made demand on the State of New J ersey to : 


pe the nuisance, “and, no change in conditions being apparent, the ‘Bill 
filed. The defendants named were the Bulls F erry, Chemical 
_ Company and the Corn Products Company, but the Barrett “Manufacturing 


Company, Valvoline Oil Company, and General Chemical Company were also 


= ‘contributing to the “nuisance. ‘Definite action on the part of the ‘State of 


New York, strengthened by the , decisions of the United States Supreme Court, 

( _ produced immediate relief.* The defendants asked for delay in order to make 

to abate the nuisance and, within year, the defendants and 
_ the other offenders had remodeled their plants and installed new methods of 7 


and mechanical appliances, 80 that the nuisance was practically 


q 
* 


abated. The cases were re never tried, but it was 1 ‘the force of the law which 

actually caused the suppression of this notorious nuisance. _ esi abi 
The decisions referred to in this discussion indicate that, except where 
ae t property ‘Tights « outw eigh public necessity, the Courts will pr pre- r 


vent the pollution of the a either through the inherent power vested in them 


under the « common or by of legislative mandate. The law seems 


authority of a foreign corporation to conduct its business . i 
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to be : oiiaaatie to protect the public welfare and enjoyment of property, but 


resort to the Courts for relief appears to be on the wane for the reason that 
‘the skill and ingenuity of | the Engineering Profession are ‘eliminating the 


causes which contributed so largely to the undesirable and unhealthy odors 
and vapors permeating the air i in about cities: and villages. Modern 


‘disposal, septic elosets, garbage incinerators, smoke appliances, refuse 
reducers, and manufacturing methods designed to absorb or eliminate disgust- 


“ing and obnoxious smoke, gases, and effluvia are making communities cleaner , 
cand healthier a and removing any r reasonable excuse for pollution of the air. To ¥ 
engineering fraternity great credit is due, their solution i is the elimina- 


tion of nuisances fouling the air without injury or harm to an any one, whereas _ b 


“the suppression of nuisances through law must t necessarily cause inconvenience © 


and expense to the parties besides loss of full exercise of liberty and speenty 
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PREVALENCE , AND (OF OBNOXIOUS ODORS 


* Daring 1920- 21 the writer y ‘was commissioned to make : an ‘investigation of 
an alleged nuisance caused by certain oil refining plants" in the ‘Metropolitan 
2 br District of Providence, R.I. In planning this investigation it had to be borne 


_ . in 1 mind that although it was desirable to obtain as full and ‘complete informa- 3 


ee tion as possible on all correlated points, only a very limited appropriation was 
4 


d available for the urpose. 


starting the investigation, therefore, a search ‘was made through 


“health and sanitary journals and reports to ascertain what , methods had been 
‘followed in other investigations of similar import. These researches proved 


of little assistance, however, as_ descriptions of methods used vy "were omitted 


from the few reports on odor nuisance ‘investigations that were found. It w - 


_ necessary, therefore, to rely largely on i initiative and to formulate n methods of 
investigation. This | paper outlines the writer’s idea of how such an investi- a 


gation should be conducted and points out some of the difficulties which may | 


’ be met and the manner in which they may be overcome for the guidance of 


those who may be called upon to conduct a similar investigation. 


. A complete i investigation and report on an odor nyiaance should « cover the 


ae (1) The origin of the odors, and the cause thereof. — 


Lan 


in ‘te area and population affection, the 


New York, duration of the e odor manifestations, and 
odor at different times and different places, | 


deter 
Direct and indirect damage to property. 
VALUATION OF AN por NUISANCE 


For purposes of record and also for use in legal it 
a some means of expressing quantitatively the degree « or magnitude of 

the nuisance caused by odors a arising - from any specific source. No one will 


- question the fact that an intense odor is more of a nuisance ‘than a mild one. 


ss * Presented at the m meeting of the Sanitary Engineering Division, New York, N 
Chemist and San. Rhode Island State Board of Health, Providence, R. I. 

7 us 


— 
— 
— 
— 
— 
— 
wl 
| 
i 
| 
} 
ox 
— <a 


OF SOURCE AND’ EXTENT OF ODORS 


a which i is of occurrence be considered a greater nuisance than 


9S 


strong” ‘odor which occurs intervals, or which lasts only a few 


= 


>i 


Rao 


odor whieh’ can be smelled by a small number ‘must, therefore, 
_ be considered less of a nuisance than an odor o! of less intensity which spreads 
out over a large and ‘thickly populated territory. — . The ‘quantitative expres- 
sion of the magnitude ‘of the nuisance should Deca: include four variables, 


intensity of odor, of odor, duration of time odor is. offensive, and 


99] 

if each of these variables. be expressed quantitatively, their product should 

furnish a more ‘representative idea of the magnitude of the than can 3 

be obtained by simply comparing ‘the various figures individual 


The frequency may be represented in such a formula by the number of 
ae the odor occurred in a year or some other stated period. As it Soot 


or 


cha always convenient to continue odor observations for or any ‘fixed period, it i is” 


probably better to express frequency as the ratio between the total days" when Lat 
i. 5 a he odor occurred and the total days included in the period of observations. _ _ 
Duration may readily be represented by. the average number « of hours per © 


Population affected be expressed figures, but in not 


different odors, or by ‘a factor representing two or more such 
‘This of factors may be expressed by the formula: 


= the total days ‘of observation 
= = the number of days odor was jmoted; iz 
H= =,the. total, hours of odor; ‘adt ba: alg 


whet Th 1 compiling the results obtained i in the Providence « odor survey, no reliable aa 
data’ o on “duration o odor” were available and the records of “ intensity of 
odor” determined by the’ sense of ‘smell were not considered sufficiently accu- 
rate to to warrant their being used in a formula i in Bimcvrnget with other dis- a 
7 similar data . It was impossible, therefore, to’ ‘compute the “magnitude of the 
e +4 nuisance” ’ caused by each source. . There w were reasonably ¢ aceurate ‘data on the ‘q 
crea and population affected, however, and by combining | the > daily ‘reports of 


ae 1e Special observers’ with: the more or less erratic reports from a considerable | 


— 
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of : For odor intensity, there is as yet no generally accepted unit of measuree #7 
il ment. This might satisfactorily be expressed as parts per million of hydrogen is — 
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OF AND EXTENT ‘OF 0 ODORS ‘[Rapers. 


number of volunteer observers, oo 


4 
4 


- frequency. of odor. st As at least eight odor- -producing s sources me ‘were caus- 
ing more or less of a “nuisance were | under. observation, it was desirable a 
have some method of expressing the relative degree of the nuisance  originat- 

ing from each source. For ‘this purpose the following simplified. formula was 


4 used. to obtain a semi-quantitati ve expression 0 of the relative degree of nuisance: : 


the | population affected; 

bluode 

= the mber of different days. on which odor was from 


The: value of combining even these incomplete data into a single expression 
TABLE 1.—RELATIVE ‘Decree OF Nuisance Provi- 
By Opors FROM Various Sources. 

heal and rene tO": ascer ta g di: Sit iy! 


observation. | was observed.| ‘nuisance. 


Oil Refinery No. 1 
Oil Burning Plant No. 1 


Tar Products Manufacturing Plant.. 


BD 


Slaughter-house 


Gas-works 
a = - Burning Plant No. 2............... 
Oil Burning Plant No. 3 


In determining the source, prevalence, intensity, ete, 


aia reliance should be placed on the observations of trained gi The 


reports of f complainants a: are usually 80 bi biased that they are likely to be untrust-_ 


4 worthy, whereas the reports s of volunteer observers are likely to be a. 
. - or so irregular that no complete record of cause ond ont can be deduced from 


= obtained by the paid men. In, investigation, complainants 
a and other interested. persons were. supplied with return envelopes and blank 
_ nl forms on, which . they were requested to report location, date, and time that odors 
prevalent. These. reports, although they. were of little statistical value, 
as a cheek on the observers and were. assist- 
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‘DETERMINATION OF AND OF 823 


1199 As the cuteness of the 1e olfactory sense varies widely i in different ; persons, 
special | pains must be taken to insure that ‘reports ¢ 

~ comparable in an investigation | of this kind. In ‘selecting observers, care must 
| be taken to obtain men whose sense of smell i is reasonably acute, and then ¢ to 
o all these men to record odors of the same intensity in the same manner. 
In this investigation, there were two men in the department who, through 


i ong association, had learned to report odors on waters on the : same base. All 


observers were trained by these x men in methods of expressing odor intensity. 
As the investigation progressed, the work of each observer v vas checked at 
- intervals by « one of these men, and, in addition, two or more observers were 

‘occasionally sent out together i in order that they might check each other. w 


ab Vacaries or Opor Cuanacrenistios to sag alt 


In attempting to trace odors back to their source, aaa 
‘the fi fact that there may be a decided change in the characteristics of the odor 


with varying dilution. This variation in character “Proved for a time particu- 


"larly troublesome in the Providence investigation. In one section a distinet 


& odor resembling scorched sugar was at first attributed to a large bakery located — 


- near- “by, but was eventually proved to be derived from the incomplete com- 


- bustion of oil high i in ‘sulfur at a a power plant some ‘distance away. Near their = 


these same odors when strong smelled like rotten eggs or hydrogen 


ba 


sulfide, whereas at a a little distance they resembled aie rubber. — The reason 


these varying 

particular odors were a “mixture of different ‘substances: some 2 of which were 

- ‘more overpowering or had greater carrying properties ‘than others. It is well 

; known that some apparently s imple | odors change materially with dilution and a 4 


‘that a blend may have entirely different properties from any of its com onents, 


to of he. ‘conditions odor travel is and 


"Ww vill frequently be observed which are difficult or impossible to 
there is or no wind, odors usually travel very ‘slowly from 
ete | origin. On the other hand a strong wind appears to 
them. In lie of the writer an odor is most to 
under the of what are generally known as light airs, ‘that is, at 


times when the velocity of the wind is between 5 and 15 miles per hour. In the : 
= Providence ‘survey, odor was observed only one instance when the 


recorded wind ‘velocity. was more than ‘miles per hour, and in only nine 


vening valleys. In certain instances s an odor settled in what was probably an 


air - pocket and remained a source of offense for some time after it had ceased 


produced at its source, this condition generally occurring when there 


some fog and little wind.” Strong odors w were ‘also observed on the wind 
a blowing 1 up certain streets while parallel streets only a block distant were prac- 
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‘DETERMINATION OF SOURCE AND EXTENT ODORS 


caused by. differences i in air sir currents 0 or humidity produced. ‘by: relatively. ma 
variations topographical or other surface conditions.’ ariations of this 
kind, especially when they ; are of regular occurrence, may lead to wide differ- 


ences of opinion among residents different parts of an _odor- affected 


_ area as to whether a nuisance does or does not exist. De ‘For this reason all 1 such 


aie ‘peculiarities should be noted in ¢ an odor survey together. with © all the con-_ 

 ecomitant facts by which they may be explained. boxti 


bad ifs esw dono to drow oil} wih | 


this ‘ine’ it not be out of place to of caution about 


vale use of official Weather Bureau meteorological records. ~The accuracy of 


these records cannot be questioned and it is not the "purpose of the writer to 
cast any aspersions upon the men who make the meteorological observations. 


- It must be orne in mind, how vever, _ that the stations at which they are obtained 7 
are ata specific ‘point usually at an elevation and that the records apply only 


Tas During the Providence odor s survey good use was made of official records 

Bey a of wind direction ‘an “velocity i in checking u up gan of odor at times when : 

the paid observers were not on. duty. : In many cases, however, the reports of 


the observers i in sections | within four or five miles the Providence Weather 


Bureau. Station were at “variance with the official record. The Providence 


station is on ‘the top of a sixteen- -story building in the of the city, 


the observers were on the ¢ ground. Under the which 


y 
to be very those which an ‘elevation of 100 to 200 ft. 


writer has frequently noticed wind blowing from one direction in 


Fare 


in another street only a few hundred feet distant, the on of 
the wind was opposite, many cases in districts. three or 


in. From, “those, which at a slight, elevation. It is these 
; ground currents, however, which govern the movements of odors. © ’ 
‘Humidity i is another factor which undoubtedly affects 


 siderabl variations in humi ity may exist at a time of light airs in sections : 
which. are relatively close together. _ The presence of water. surfaces in the: 

vicinity undoubtedly affects not only humidity conditions, but also the direc- 


tion of ground currents during the night. It is possible’ tha t tidal m ral 4 


sepa For the purpose of recording odor intensities in the Providence studies, the — 

terms “very. faint”, “strong”, an nd “very strong” were used. 
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8.) DETERMINATION OF AND EXTENT OF ODORS 


may follows: “very faint” odor is ‘one which 
would be observed by some persons, but would pass unnoticed. by the majority. _ 
A “faint odor” would be detected by the majority and would be disagreeable 
r to a few. A ‘“distinet” ¢ odor is one which would be distinctly noticeable to 


almost everybody ‘and would be disagreeable to the majority. A “strong” odor 


is one which would be objectionable to practically everybody. A “very strong”. 
would be ‘objectionable to all except those with a defective 


trees! 


Records of described i in this manner are very useful for “comparative : 
“purposes, but cannot be readily. used as a basis for mathematical expression va 


A 


As a matter of convenience odors of water are frequently expressed by | 


1t to 5, inclusive, a a ‘very faint” odor being recorded | by the figure, 
Gite 


2 4 and | a “very srtong” odor by the gure, — For lack of a more accurate 


method . these numbers ‘sometimes “averaged to obtain some idea of. the 


mean odor intensity, during a ‘stated period. is is ‘apparent from the results 


Al llinson. Katz in their: “studies. of f stench "producers, 


that. the concentration of odor judged by So olfactory senses is not propor- — 


; tionate to, the amounts of odoriferous substances actually p present in the air 
at ‘the time. ‘There is, therefore, ‘no real | basis for assuming that a “faint” — 


- 
or “number odor. is. twice intense, or that “distinet” odor is three_ 
2” od 


s for 

times as strong as a “very faint” or‘ ‘number jh” ‘odor. Ih fact, there ; is so some 7 

- basis for the assumption that when dealing with simple odoriferous substances — 
the ‘mathematical ratio. between these five degrees of olfactory sensation 

‘geometric rather ‘than arithmetic. When dealing With compound odors 

eaused by two or “more substances, however, it is quite Probable that these 

_ There is need for exact analytical methods for. determining the amounts gy 
of stench-producing substances in air. Unfortunately, the amounts aaa 


substanices: required to cause offensive odors. are extremely ‘small and their 


detection and accurate measurement require. the examination’ of very 
Volumes of air. For this reason the cdllection of samples in bottles or gas J 


ags as is customary for ordinary purposes | of gas analysis i is not practicable. 

The practice of drawing or forcing the air through the test solution, as 

some types. of air- -analysis: apparatus, is also impracticable for field 

owing to the fact that air movement through the absorbtive medium 
must very slowly and a rather lengthy stop at each sampling point is 

thus required when large volumes of air must be examined. bo 
~ Recently, attempts have been made to adapt: to purposes of chemical! air = a 
analysis the apparatus devised by Palmer of the New York State Ventilation i 
Commission’ for colleeting the dust from considerable volumes of 

apparatus the liquid used as an absorbent is broken into’ a ‘spray 

the inflowing air and conditions. are thus made ‘favorable for absorbtion 

: of the gaseous ingredients from the air. In operation, the ee 


the absorption bulb is a small motor‘driven fan; measurement 
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= volume being obtained by. passing the air through a standard orifice under | 


+ 


7 ‘The great advantage of this form of apparatus is that large. volumes ‘of 
2 ean be passed through i it in a relatively short time, thereby permitting 

the determination of extremely n minute quantities of gaseous and other i ingre- 

; dients. Weston used this apparatus in in his investigations | at Fall River, Mass., 

. and ‘reports that small amounts of H,S and other sulfides could be determined rec 
with reasonable accuracy. chief objection to the apparatus in its present 


form is» that the ‘motor requires the use of 110-volt current which limits its ru 
use. to points: where connections can be made with the “domestic lighting eir- pr 
cuit. It has occurred ‘to. ‘the writer ‘that if the ‘motor were wound to be. f by 
operated by by current from a storage battery, the : apparatus could then be used at 01 
point which could be reached in a motor car, and possibly the battery 


system. — Weston’s : assumption was that the foul smell of the odors which he was 


studying was largely due to hydrogen sulfide or other sulfur compounds. Ris 


“quite possible that this assumption may also be true of obnoxious odors from 


sewage treatment plants and perhaps other sources. There | is no reason, how- 


ever, why many other chemical ingredients of air should not be determined | by 


det 
the use of the Palmer apparatus, ‘Knowledge of the chemistry of odors, par- | we 


charge could be maintained from the generator ‘of the starting and | qui 


or ticularly those that are ‘obnoxious, is very meager - and there is a broad field” “as 
research work to determine what chemical s substances are present and 
provide ‘suitable ‘methods for their estimation. As has already been ‘stated, 

the measurement of odors by the olfactory sense is far from accurate, 
methods: for exact measurements of intensity are necessary if odor surveys 
are to be placed on a ‘definite ‘med ai 
sting eeonsiadve’ gion se ont ad Spates, od 

ae The determination of the prevalence or frequency of odors in order that ; wa 
= 4 the nuisance caused may be evaluated by the formula previously given neces- De 
- sitates that a ‘sufficient number of observers be on duty to cover the affected § a 
district at all hours of the day and 1 night. A m man in an automobile with | od 


windshield and windows open can make odor observations at frequent in inter- 
vals over a considerable territory. It m may be objected that exhaust 
from the automobile may tend to cause errors in the observations, but if the 
car is driven at a fair rate of speed, the exhaust odors are left so far behind 
they have no practical effect. In the, Providence investigation, the q 
servers traveled on bicycles in order to avoid this theoretical error, but in a 


as to the in various parts ef tthe 
es districts was derived both from observations made each night by 
regular. employees and from reports sent in from time to time by volunteet 
in those districts. Whenever ‘possible, the regular employees” 

traced odors which they noted to their source of origin, and from their reports 
ae ‘it was 3 possible t to determine both ‘the total frequency of odor during the middle 


night hours, and the relative: ‘responsibility of the odor- producing sources. 
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DETERMINATION OF SOURCE AND BXTENT OF ODORS: 
‘The reports of the volunteer observers served as a check on the reports of. 
a “the regular observers and also furnished information as to the occurrence 


of odors at other times than ‘those when the regular « observers were on | duty. 


‘int ervals when the visitation of. odors” was” marked, ‘exéept? 
one or two instances ho attempt was made by these observers to keep a complete 
record: of the occurrence or non-occurrence of odor. Ini many of these reports 
it was stated that odors came from. certain ‘specified sources, although as a — 
rule: the 1 volunteer observer did not trace the source of odor. _ However, the 
_ probable source of odor reported by volunteers could frequently be estimated — 

by a study o of the direction of the wind at the time and comparison with other 

contemporary reports. The volunteer reports, therefore, although of rela- 
tively ‘small value individually, did evidence the fre- 
quency of odors which proved to be of considerable statistical value. 


_ There are often times when obnoxious odors are much more intense and 

eile ‘a much wider area than usual and a special effort should be made to 


determine the spread of odor under the ‘particular conditions of wind» 


the Providence investigation, a number of special surveys were made 
to determine the limits of the territory affected by odors at particular times. in 


= 


4 The method used was to follow the ‘odor i in one direction as far as it could 


detected and to record this point. ‘The car was then run some distance 
farther: and turned back toward the odor area, and the point at 

the odor could again be detected was recorded. _ After running: well into the = 
odor area and recording the odor intensity at various: ‘points, another 
"was ma made and the odor limit at another point was determined. This ee 
Dall repeated until a sufficient number of points had been determined to . 
permit. ‘the odor-affeeted. area to be plotted accurately on 1 the map, together 
data as to odor intensity various places. By running outside the 
“dor area at intervals the sense of smell of the observers was Te 
‘Vivified and the car freed from odors, thus. facilitating the ‘determination of ‘ 
limits o of the odor- affected area and the distance of odor travel. 
7 _ Theoretically, the area. which may | be affected by odors from any ‘source 
4 is a circle the radius of. which is the ‘maximum travel distance of the odors : 
a from that source. Owing to the effect of prevailing winds, topographical con- 
ditions, and other. factors which | are not clearly understood, odors usually 
travel farther in certain directions than in others. _ The map of the area 
"actually affected, therefore, is likely to be irregular in shape, with a large 
proportion on one ‘side of the odor source. By platting | all the locations at 
which | odors have. ‘been noted at various times. on a map of the affected sees 
- tions, diagrams can be made showing the total area subject to influence from — _ 
any source, this area can then be measured. In computing the extent 
such areas, water surfaces should usually be eliminated, because in 


study of this kind, it is the land surfaces with which one is principally con- os 
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DETERMINATION OF SOURCE AND EXTEN ODORS 
“more sources, separate plots should be made of the area affected by each odor 
source. . Maps with the affected areas blocked out furnish a picture of ‘the 
effect of any odor- producing source which can be obtained in no other way, 
and are invaluable, both as a matter of record and as evidence i in case | action | 
& From a nuisance view point, it is the population of an odor-affected district, 
rather than the area itself which is of major importance. There are a number 


Ey a ways by which the population of such an area can be estimated with’ rea- 
‘a 


sonable accuracy. . When a house-to- house canvass is made for any ‘purpose 
as part of the investigation, the number of inhabitants in each house should 
be ascertained and recorded ¢ as a a basis for a . population count. When it is 


estimates. the affected is. residential, and not: too large in size, 
“ a count of the number of houses can be made. Two persons, in an automobile, 
ean cover a considerabl tory in a few hours counting and recording the i 
_ number of houses on each side of the various streets. In such a count, the © 
‘object i is to determine the number of families and a two- family house should - 
be counted as two. Even in closely populated tenement or apartment 
tricts, a close count | of the “number of families ean quickly be obtained in 
this | manner. Ins some cases, the original street by street data obtained in | 
a special census are available, or the local tax assessors have data which « can 
- - be used. ih a good residential ‘district or in a high- -class apartment district ; 
le. it is usual to. assume that the average family consists of four ] persons, , but in 
— built tenement districts this factor should be increased to five, and 
in densely populated sections occupied largely by people of foreign birth the 
factor may be six oreven ‘more | persons per family. In many communities: 
an enumeration of children of school ag age in each school district is made every 
and knowing the ‘ratio of school children to ‘total: population, a fair 
estimation of the population | of a any section can be made from such data. c Tn 
Providence, where the affected areas were large and thickly populated, and— 7 


where the influence of various odor sources frequently overlapped, the popu- 


a lation estimates were based on the counts obtained by enumerators in different 


- districts in the census of 1920. In | arriving at these estimates, the odor- 
affected and the census: enumeration districts “were both plotted on the same 


map. ap. After blocking territory known to be uninhabitated, the propor 


4 

_ tionate part of the census district which lay within. and without the odor- 
district was then’ determined with a ‘planimeter and the census popu- 
lation m distributed accordingly. The total population of the odor-affected area, i 


4 obtained by adding the sectional figures a as determined by the method de- 
scribed, was” then eorrected for the presumed increase in population — since 


the he census was taken. Tn this method of computation it was necessary to 


assume ‘an even’ distribution of population within the inhabited portions of 
the border- line enumeration | districts, and also that growth of population was 


the same in all such districts. In a few selected localities the population 
by this m checked by a house or count and the 
‘figures: obtained by the two methods were 
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ATION OF ‘souRCE AND EXTENT 


_ average of such ould be ascertained and a 


Min 


‘to avoid duplication. Sg an ae survey, however, it is probably fair to snl 
that approximately ] half the employed population lives outside the odor-affected 


area, but as these people are subjected to the odors during hours they 
"should be included i in the estimate of population affected. of stadightd 
Although it is generally admitted that chemical fumes emanating from 
various industrial processes ‘may cause illness and even death, it a dis- 
= point as to whether offensive odors per se can actually be considered — 
| atc 


unhealthy. ‘Nevertheless, the claim will usually be made by complainants that 

Bae ‘health is being unfavorably affected by offensive odors and it may. also 

& claimed that the s symptoms of persons ill from other causes are being se- 
-riously aggravated | as a result of ‘the nuisance and that their recovery 

_ thereby being delayed « or prevented. FF ‘or these reasons, therefore, a an investi- 
- -gatiols of a “major odor nuisance cannot be considered complete until all the 

on its possible effect 0 nm health have been collected an« corre- 

lated. This part of the investigation should be carried out by a ‘hy sician 
or at least’ by’ one who has had sufficient training in physiology ‘and public 

% health to determine to what extent the symptoms of illness are psy chological. 
to what extent they are actually physical. q iS Mois 
ay a ‘Information relating to the health phase may y be obtained by a house- to- 
& house inquiry throughout the odor- affected district or by inquiry only ¢ 
where “illness of ‘this: kind is: reported ‘will! bring forth 
about members of other families who have been ‘similarly affected. — When > 


4 
the house-to-house canvass is preferable as it is thus’ ‘possible to = 
tain definite statistics as to the ‘proportion of the population i in whom = 


ok tht 


of illness are being. produced. The inquiry: among residents should -be sup- 

_ plemented by an inquiry among physicians practising in the affected area - : 

obtain all possible information as to the effect of the odors on patients under 


their ¢ care. If by chance there should be a hospital i in the odor area, an _— 
ene be made to enlist the aid of the hospital authorities in the investigation — ib. 


to the end that the effect of ‘odor visitations on various patients may be noted a oa 


and made « a part of ‘the ease history. studying the health phase ‘of this 
"question and particularly in making Inquiries among both physicians and 


laymen, it must be constantly kept i in mind that definite facts and not — 
are desired and also that to the layman - nausea, § sick headache, vertigo, malaise, aa 
are real illnesses, ve of the cause is physical or psycho- 


property damage may be 
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830 DETERMINATION OF SOURCE AND EXTENT OF opors [Papers. 


a Direct injury to property may result from damage to buildings, holisehold oo 
nishings, ete., or to trees, shrubbery and other vegetation. Indirect injury 
: may result from the fact that ; owing to the existence of a nuisance and the ; 
feeling of the people that the locality i is unhealthy the property becomes Tess 
desirable as a residence or work place | and its sale value is ‘therefore depre- 
ciated. Although direct or indirect property. damage is often considered out- 
« side the jurisdiction of. sanitary authorities, proof of its existence is valuable — 


as an argument to induce the owner of the source from which the odors | or 


rest 


fumes originate to take measures to abate the : nuisance. In an odor survey, 


ar therefore, it j is wise to collect and record all obtainable information concern- 

ing both direct and indirect injury to property. 

buildings which have been painted with lead or zinc paints 


exposed to fumes e containing any appreciable amounts of of sulfides, discoloration 

is likely to ensue. - This action is usually more rapid o on freshly painted sur- 


faces. Household silver, automobile fittings, etc., may ‘also be tarnished by 


é 
ae Complaints of such troubles, which at first May seem impossible, ; 


a 4 on investigation will often bring out ‘information of a surprising nature. =f 


formation as to damage to. Paint may also be ‘obtained by inquiry among 
Inaster painters and paint. dealers. Exposure to acid fumes may affect vege- 

4 tation more or less seriously and also cause rapid deterioration of en metal, 

fabries, paper, ete. Sometimes inquiry among roofers" and sheet metal 


workers will yield information regarding excessive corrosion of metal roofs, 


conductor } pipes, cornices, ete. Damage to trees can ‘readily be detected by 
— inspection in summer, either by d discoloration and withering of foliage or by 


premature falling of the leaves. As not all vegetation is. affected alike, care 
‘must be used before a report is made that such damage does not exist. sits 


Indirect injury to property by depreciation of value is somewhat more 


difficult to estimate. When a nuisance has been of long duration, its effect 


may sometimes be observed by comparison of changes in valuation in ‘prop- 
erty in different sections on the books of the tax assessors. Information about _ 
changing property values may often be obtained from real estate brokers. — 
‘The financial aspect of a major odor nuisance is usually not appreciated either 


r wi city and town officials or by the public. g As practically. the entire revenue 
of the community derived from taxes assessed on property, any material 


reduction i in taxable valuation in one ‘section must be compensated either by 
3 


increased valuation in other sections or by ¢ a general increase in the tax rate. > 
Every taxpayer in the community is, therefore, affected irrespective of whether — 


‘ oF not he owns property in the: nuisance area, and the presentation of t the frien 


cial evidence of this nature can be used to influence public sentiment outside — 7 
odor-affected area ‘in cases when’ municipal authorities are slow to take 

has dealt only with methods which: may be followed in deter- a 
g the “cause, scope, and effect of ‘an odor nuisance with the object. of 
all the facts clearly and. forcibly. to the Court or other official body 


which ma may be called upon to abate the 1 nuisance, 
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Papers.) DETERMINATION OF SOURCE AND EXTENT OF “ODORS 


‘may he rather destructive, the investigation should 


include a study of the conditions which ] prevail i in the industrial plant or other | 


source where the offensive odors originate, particularly to ascertain: whether 


the emission of odors cannot be eliminated by changes in th the processes or in 
the > plant or whether the offensive character of the odors or  Faméa cannot be me 


overcome by some method of treatment. 


_ The scope of this’ paper does not include a discussion of methods of odor 


imination _ Suffice to say in closing, however, that an industry or other 


source which i is the ) cause of a major odor nuisance is usually also a financial 


asset to the co community in - near which it is located, and although it is not. 


justifiable | to consider such | a nuisance as a necessary evil, it certainly is 
“not justifiable to close down such a . plant when the nuisance may be abated b 


‘the application of remedial 
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aft 


ait By SaMvEL . A. GREELEY + M. Am. Soo. C. ai 


deal al di ‘des sortie iG BI daidy ‘15 10 


oad od ots | dose seolo. ot 4 

xp The disposal of garbage i is an operation in which an odor hazard must be 

fairly “recognized. Unless garbage disposal works are designed, built, and 
operated with care, odors may result. - In fact, with some methods of disposal, 
bee: are likely to result unless the design and operation are good. — In this 


Tegard garbage disposal i is ‘somewhat akin ‘to the -odor- ‘industries 


ering plants, 


ete. Measures for odor elimination thus pertinent. 
number of factors influence the g general problem of the elimination of 


we 


e disposal works, one of which centers about the environ- 


some ‘some odors. apparently are ‘not objectionable. Tn 
other locations, the same or less intensive odors might cause a nuisance. In 


"recognition . of this fact, the z zoning map of Kansas City, Mo., indicates areas 


where odor-producing industries may be located. 


Another factor is the cost of ‘operation. Both construction and operating 


costs may be increased as odors are e eliminated. Tf the disposal i is by reduction, 


rates of drier operation may have to be curtailed and processes adopted for 

odor elimination which do not produce. additional : revenue and which add to 

th cost of - disposal. an it is done by incineration, additional fuel, larger 
cap sacities, and sturdier construction may be required, 
Other factors relate to the many phases of garbage disposal as a municipal 


nterprise, including group habits | and viewpoints, the efficiency of the operat: 
ng s 


staff, the > financial resources | and budget : allowances, a conditions 
: = in the field of garbage plant installations, patent limitations, ete. . All these 
factors are” closely _interw oven. Local considerations: are often ‘Saatly 


; portant and. cannot be entirely discarded. A helpful perspective may be secured 


és F- In Rochester, N. Y., a garbage reduction plant of the most approved de- 


sign as regards odor eliminatian i is operated i ina commercial and semi- -industrial 
district near the center of city. was on Staten 


districts. ‘The protests against this plant we were sufficiently vi ‘vigorous practically 
29d to force its abandonment shortly after it was built. | The City of New York, 


nig _ * Presented at the meeting of the Sanitary Engineering Division, New York, 
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Papers.) ODOR ELIMINATION FROM GARBAGE DISPOSAL W 
however, operates an incinerator in a commercial district only a few. biecks _— . 
from residence and business sections. ue In two or r three other cities, garbage 


‘reduction works are in such isolated locations that apparently reduction with 
less odor control and lower operating costs is permissible. Thus, from a prac- Ma 


tical standpoint, the attitude of the community, the relative economies of 


near- -by or distant location, the over- costs of disposal by | various 


processes must be considered and carefu ly balanced. 


_ Relatively little progress in the development of methods for odor elimination 


ean be recorded with tangible results expressed in definite terms. Inside 


feeding: has” been. developed at hog farms, but capacities ‘and designs are not 

generally understood and applied; and too little attention has been ‘paid to the 

sanitary disposal of the “unconsumed garbage and the hog manure. Fume- 

consuming grates have been proposed for incinerators and the danger of low 

temperatures has been. commonly recognized, but many designs fail to eiengkban: 


needed. capacities for grates, flues, and other parts. of the incinerator jo 


peak conditions. At reduction works, odorous” gases have been ‘washed with 
water and chlorinated, with a reduction of odors, but methods of applying the 
water and chlorine to secure the best efficiencies need further development. _ 


is ‘apparent that’ the subject of odor elimination from garbage disposal 

le. In needs technical study and development with a fuller realization on the part 
1. In & of those purchasing garbage plants that the odor problem i is vastly important ” 

areas and i is likely largely to. control the eapacity, arrangement, and cost of the 4 
works under ‘design. Inv this paper the writer hopes to visualize the subject 

srating more clearly than has been done heretofore, to 0 outline its fundamental aspects, - at 
uction, J to suggest means of. odor elimination, and to stimulate further pro ’ progress. — 

ted for Serie 128.08 | +o. od bl 

larger The problem of from garbage disposal works should 

ae be entirely confined to methods of elimination after the odors have been pro- 

nicipal duced. is a fundamental consideration that odors which are difficult and 
operat: costly to. eliminate should be prevented or reduced as much as s possible. ‘The : % 
ditions old adage as to the value of prevention | before eure is true in this case. — s 
1] these However, both the prevention and the cure should be studied and a -well- F 
tly im- balanced procedure developed with due regard to efficiency an and 
‘There appears to be n no common scale for determining permiasible: odor 
and » therefore, the. location -and ‘environment of a garbage plant may be — 

ved de- “considered in the general scheme for odor. elimination, ‘although they affect 
dustrial “the nuisance resulting : from the odor rather than the odor itself. _ For instance, a eP 
oa | if it should be | “necessary i in a a town to, burn garbage, night soil, ere. 
identia 


tically 


be is it bei sitet to locate the pjan t far ‘afield, involving a an additional 
Cost, but a lower fuel cost, permissible through | a somewhat 1 temperature 
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ELIMINATION FROM GARBAGE DISPOSAL WORKS » (rupee. 


Tn ‘a general way and speaking i in 

paced terms, odors should be eliminated: but it is of the utmost importance 
a that the economic and essential relationship be realized between the type ot FE 
: "plant, ‘its capacity and arrangement, , and its location, on the one hand, and the elim: 
degree of odor elimination and its cost on the other. A straight Cobwell ‘is i 


at) 


- reduction plant is” likely to produce less odors requiring elimination than a henge 


3 modified Cobwell « or Cobwell- Merz plant in which the drier gases are added to § as th 
~ those « of the reducers, but the straight Cobwell plant is likely ‘to cost more. 


and -climinating devices thus become ‘pertinent. 


Iti is not 1 necessary in. this: paper to define at length the terms ‘used. 


refuse such as ashes, rubbish, ete., are included 
_ only as they enter the garbage disposal problem. — Garbage i is here used to mean 
the animal and vegetable waste matter originating in houses, kitchens, restau- 

rants, and hotels, and includes the natural content’ of moisture, and generally, 

also, the tin cans ‘in which portions of the food were originally supplied. pw 


i ay Of the various methods of garbage disposal, ‘special reference will be made 
§ to disposal by feeding to hog 8, by incineration, and by reduction, as these 


terms are used in the broader sense to mean the process used rather than a 


nad 
particular patented device or arrangement. Hog-feeding and the reduction 
method are applicable to garbage only, but most refuse materials may be 


Garbage odors should be characterized or classified so as best to promote 


1—Garbage odors as. rela ated the food materials comprised, such 


fresh and might be termed the garbage” 
‘Their predominance is relatively brief, depending on the condition of the 
garbage! after its house treatment, frequency of ‘collection, and similar 


2—The odors ‘of decomposition. In weather, for bastarice, moist 
garbage decomposes quite: readily with the production of odors which are more 
me or less of a nuisance depending on the character of decomposition. Garbage 

which i is wrapped and drained in the kitchen or mixed with ashes decomposes 

‘more slowly than otherwise. >iOdeds | from decomposing garbage may come from 
dirty collection wagons and disposal works. on Bd 

 8The process odors, an expression here used to include those odors. which 

result from the various methods: of garbage ‘disposal and at times are “more 
or less characteristic of them. Such odors are the “pig pen” odor, the here! of 


incomplete combustion, the odor of drier ‘Bases, ete. 


a’ 
Among these odors, some may be classed as pleasant and others as offensive. 


Some will be intermittent and others more or ta continuous; and some may 
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ODOR ELIMINATION FROM GARBAGE DISPOSAL WORKS. 


be seasonal. — ‘The odors of decomposition are, perhaps, likely to be mor 


‘offensive, but less ¥ widely distributed than those from gases ‘discharged from 


Although this paper is not on the ‘subject of odors, but rather on their 


elimination, it should be noted that scientific information about odors, per se, ’ 


is likely to help materially i in developing improved methods of odor elimina- = 
; tion. 7 Much of interest has been ‘published on the subject of odors proper, § such 4 


as the interesting paper* by Louis L. Tribus, M. Am. Soe. Cc. E., and the several 


discussions of it, following quotationt i is of interest: 
er: The common belief that the ime pie consists of minute material 
particles suspended in the air current of the olfactory organ is supported 
by the observation that odors may be carried on the wind i in a definite direction 
‘ey miles. Odors do not emanate from a given center and disperse in all 
directions as sound and light do. Moreover, many substances, such as arsenic, — 


that are odorless under ordinary circumstances, give out an odor after they ra 


have been heated sufficiently to volatilize. The fact, discovered in 1917 by _ 
Woodrow and Karpman, that the adaptation time for olfaction—the time 
needed for an olfactory sensation to wane completely—is directly proportional 

to the vapor tension of the odorous material shows that olfactory stimulation 
is due to the activity of gaseous particles. These and other like observations - 
have led to the conclusion, now generally accepted, that the olfactory organs 
are normally stimulated material particles, and not of a 
character. 


the standpoint of a receptor thas olfaction is 
called forth by an ‘infinitesimally small amount of substance, and measurements 
directed toward testing this question justify the conclusion. These measure- 
ments have been made i in a variety 
Facts about the chemical and physical characteristics of odors an and odor- 


producing substances, although relatively meager in the garbage jel are, 


however, of considerable import i in a study of odor elimination. Thus, Parker " 


elieeie that certain olfactory stimuli are more soluble in oil ‘than 3 in water . 
and that, in fact, solubility in oil may be “of much more significance for — 
olfactory ‘stimulation. than solubility in water”, fi further ‘suggests that t 
“scrubbing” gases f from garbage plants with o oil as well as water might prov a 


Parker indicates that olfaction is a chemical and 


and olfactory sensation. Thus, ina a general types: 
chemical constitution can lie. for the six groups of odors. that he 


[Henning] was able to distinguish, * * * In the burnt odors, the ring is e “es 


‘smooth as in pyridin, and in the foul odors the ring is fragmentary as i a 


cacodyl”, These comments and quotations are stimulating and : show the a 


‘Possibilities before engineers in the understanding of the odor- elimination 


4 


Be Resch and Their Travel Habite,” Transactions, Am. Soc. C. E., Vol. LXXXV (1922), 
“smell, Taste and Allied Senses, ia the Vertebrates,” George Howard Parker, 1922, 
plat. 
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oN FROM ¢ “GARBAGE DISPOS AL Ww ORKS 


INATION ‘ — Papers 
_ The sources and causes of odors in garbage ‘eek? may be r elated. to t the § is gre 

several parts of the works as follows: d; hat the 


—The House Treatment. —Odors may come from accumulations of § not e 
-garba ¢ in the can or house receptacle and from accumulated piles of garbage devel 


spilled from the can. In ‘some apartment houses, the garbage is spouted to man 

groun nd a nd these spouts may become foul. gv 

ates | —The Collection. —If the collection wagons are not cleaned, or are & the g: 

difficult to clean, may become quite odorous. Leaky ‘and overloaded in thi 

_ wagons may spread odor-producing material along the route. A proper cover- § but tl 


ing of collection units is desirable and may be important. bebasqese 2aloi' desire 


(e —The ‘Transportation. —In cases of long haul, ‘the garbage may be lected 
emer from a transfer station to the disposal | works in scows, freight cars, garba 
Poorly designed and maintained transfer stations with in- but 1 
te _ adequate facilities for washing are likely to produce odors. © Such conditions collec 
may be sgerivated if the ‘garbage is not removed from ‘thie: transfer station 750 h 


(d)—The. Final Disposal—Garbage disposal» works may cause odors: Thus 


through design and construction’ in the first place and neglectful operation in 


ing ¢ 

the ‘second place. ‘Such factors the capacity and general of collec 


To secure ‘relative ‘freedom from odors, these: several should be to so: 
appreciated and operations ‘conducted to prevent odors as described 


fully subsequently, aigulones oft ao eid} gaiteot br 
odors may “result from poor ‘house treatment and be 
spread along collection routes if he ‘interval between collections is too long, mes 


especially’ i in warm weather. “Tf the house receptacles are not cans W rith good 


a covers , but” are baskets, boxes, or barrels, they may leak and foul the ground ae: 
on which they ‘stand, or they Way" ‘overflow, if they are too small. Local odors 
may result. good method is to have the garbage drained ‘and wrapped 
= before itis placed i in the ca can, but this method i is not generally applicable to dis plan 
posal by reduction or hog- feeding. It is practiced in Minneapolis, Minn, for s 
Milwaukee, Wis., Trenton, N.J., and elsewhere, and it facilitates incineration. Bad 
In Madison,” Wis. , the garbage is wrapped: by the housekeeper and then othe 
‘unwrapped at the hog farm before feeding, cost estimated at $2 500 per 
year. This, however, may result in a fresher garbage at the hog farm. 
nelean garbage ‘wagons will carry odors along: their ‘route. Such “odors. = 
notable 100 ft. or more from the wagons. They: can: be éliminated by 

the selection of a type of wagon easily cleaned, with a good cover, and by ay ‘ 
washing 1 the y wagon, at regular ¢ and sufficiently frequent intervals. good type 


of cover f canvas arched — over the top of the wagon and arranged in 


ections can be thrown back during filling. 
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Papers. FROM GARBAGE DISPOSAL \ VOR 


Washing the ‘wagons. on will materially odors, but will 


not eliminate them. With only two washings ‘a week, odors are’ likely to 


develop. - At Milwaukee, the estimated cost at pre-war prices of having a. 


man scrub wagons with water and a broom was about 4 or 5 cents. per wagon. 

Odors ‘in the collection wagons and in disposal works will be reduced if 
the garbage i is collected at sufficiently frequent intervals. A ‘common p ‘practice 
saed ff in this country is to collect once a week in winter and twice a week in summer, ' 

over- but this is hardly : sufficient, and a collection every other day in summer is. often : 
desirable. ) In some cities, es -specially in ‘England and Europe, garbage is col- “> 
lected daily | at least from the business districts. : This is a good practice if the — 


garbage 1 is to be fed to hogs. Additional collections add ‘materially ‘to the cost 


but they are often justified “by the better service to housekeepers. . If a 
itions collection unit can visit 250 houses in a working day, each unit: 


ation 150 houses with two" collections per week, and with less per collection 


probably somewhat more than 500° houses with three collections p per week. 
odors Thus, more units will be required to make the more frequent collections, entail- 
on in ing an increased cost less than 50% during the period « of more 

its of ff collections, be im 


collection of and rubbish mixed is s practiced 
ld be. to some extent. in this country. : F rom the standpoint of odor elimination it is 


i. 
more fg & good practice, but it limits disposal t to mixed incineration except where sani- P 


natth tary fill may be possible. If dumps for ash disposal are relatively easy of access, 


mixed collection is likely to cost than separate collection, because the 
former requires a more frequent. collection of ashes than householders ordinar ily 


Elimination of odors from garbage disposal works centers chiefly about the ko _ 
disposal plants proper. The sources of su such be ‘stated as follows: 


(a) —Odors from the raw garbage and it its storage and handling about the 
rant. Ifthe plant capacities are ‘such ‘that garbage must be stored at the > plant 


for se sev veral days during x peak ¢ seasons, , odors will result. The age ge of the garbage 


as delivered to the plant also affects the odor situation. Lime, creosote, and = 


other cleansing and deodorizing substances may be used to advantage. Proo aay 


also be made for ‘and washing the 


good 


Ss, an ineom- 


‘toubles, plants, incomplete eombustion may 
‘gases to escape from the chimney top. In the reduction process odors may come 


ual a. 


from the vapors escaping from ‘open grease- tanks, from hot ‘materials 


= 


when exposed, and from Odors may also come 


from the digester vent gases and from the tas a ret 


(c)—Some odors may come from the products of disposal, as, for 


half from incinerators delivered to ash or. r the 
mulation 
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ODOR ELIMIN L Wor 

The extent of odors from garbage dikposal ‘works is influenced more 
is realized by details of design and construction. . In Reduction Plant A, for 
instance, floors may be of concrete, piping may easily kept tight, 

capacity may be sufficient so that no garbage is held in storage, there may be 
 - driers so that scorching and burning of the garbage is negligible, 
sil the plant as a whole may be kept clean and i in good : repair. is Contrast such 
a a situation with Reduction Plant B, where floors are rough and ‘uneven, where 
in the summer heavy deliveries of garbage may be stored at the plant for several 
days, where inconvenient nt arrangement renders pipe maintenance difficult, where 
Bh are forced to. operate at high temperatures, and where slovenliness pre pre: | 
vail, _ The elimination of residual odors is likely 1 to be much ‘more difficult: at 


OMPOSITION OF GARBAGE AND THE Gases From Disposat 


Little appears of record. as to the characteristics and quantities c of the gas 
and odor- producing components of garbage. _ Most of the analytical data relate 
“to the « composition of the garbage as regards incineration, reduetion, or feeding 


its 


hogs. Thus, an average analysis of garbage in Washington, D. C., for 1015 


I 


Ash 


Phosphoric as Os. 


average analysis of garbage in New York, N. 


Percentage by weight, dry basis. 


> 


ont, ‘Trace sulfides 


Amalyses of the products. of combustion of have 


SF 


z been. made to determine the CO, in pags a" i gases, but few have been made | 
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several 


where. 
SS pre- 
cult at 


Barren Disposal (Osborn, furnishes data for the digester 


Oxygen 


ie In ad ition, the followi ng constituents were found to be present: 5 ca 


acetic acid, fatty acids, fats, essential oils, and aldehydes. 
Samples of the drier gases were { found to contain 6.2 to 51% of carbon 


dioxide, 12. 6 to. 14. 9% of oxygen, and 2. 2 to 1. 12% of, carbon monoxide. 
penn dioxide 5 “was found in in the drier gases, but acrolein and similar com- 


. a ‘It is likely that more analytical data would be helpful i in approaching the 


problem, and very likely more are of record. However, s so few are readily. 


av ailable that the foregoing are given in the hope that | more will be published. _ 

It should be stated, howe ever, that odors. may be produced by very minute quan-- 


ities which might not be shown by an ordinary 


tit 


combustion. There are two general 
ot incinerators | which, in a general way, embrace the ‘various designs, for e ex: 
ample, the “outside storage” and the “inside storage” types. 2 

Outside s storage incinerators. are a development of the mixed refuse inciner- 7 
ators first studied in detail in this country by J. T. Fetherston, M. Am. Soc. ‘a £ 
>, n connection with the installation of two plants on Staten Island, Sew. Ea 
in 1908 and 1913. A considerable volume of technical information 
available relating to the operation of this type of plant) when burning a ate 4 
ture of garbage, ashes, ‘and rubbish, and also, but to a less extent, when reenter 
garbage and rubbish only. Rates of burning per r square . foot of grate ; area, ‘draft | 
Tequirements, flue areas, and heat balances are well settled. ,odors 
storage 
“of the garbage makes careful ‘design and operation: necessary if odors from this” aa 
eo plants of the inside storage type, a large part of the garbage is dumped ‘a 
into the furnace from the collection units as delivered. Outside storage at — ry 


ad plant j is thus largely eliminated. | However, steady uniform combustion = 


‘more difficult ‘and lower rates of burning appear to be : necessary. In this type a 
} ol plant, safe maximum loadings have not been so definitely fixed for con-— 


“tinuous. complete combustion for the various designs. 
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a temperature e of. 1 250° Fahr. In this estimate, the composition of 7 


the ° garbage, of the coal, and of the mixture for the yearly average, are given _ 


| _ | ESTIMATED RATES OF coat| one: Tee 
REQUIREMENTS PER TON OF GARBAGE 


INCINERATION AT 1250°FAHR, 


age 


Ton of Garb 


at 1250°Fahr, 


& 
Jan, Feb. Apr. May June July Aug. Sept. O ct Nov 
qe ai Inte od bivev,.ale evita! ted ai a 
d 


15% excess air and 20% loss of heat by radiation, this mixture 


_ All incinerators should have ample: combustion and dust- settling chambers. 


Lack of such chambers increases the odor hazard and allows dust and ‘some: 
times ‘paper. to be carried up the stack. The combustion | chambers at Mil- | 


waukee | have capacities equivalent: to 15.4 cu. ft. per ton of mixed refuse 


“Pounds. by weight. Pounds. by weight. tempe 

Totals | 10000 | 300° | 100.00° | 10.0 cake 


Satisfactory incineration over number. years: durable con- 
aac with properly designed furnace structures to stand t the: relatively 
service. i leaky furnace fronts, cracked brick, work, and inadequate 
oontrel; cold air enters the and lo lowers the effective temperature 
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ODOR ELIMINATION FROM GARBAGE 


‘The development of. gar age reduction i in this country has been 


s by the odor problem as well as by costs of operation and market conditions. — 


‘Several. groups of reduction n processes have resulted, among, which may 


(a) —The cooking group, in which the garbage is first cooked by steam in 


digesters | and then generally pressed and percolated for the quite complete 


Se of grease, the waste liquor being evaporated and added to the tankage. 


Tn some plants, 7 the process is limited by omitting gasoline extraction of grease -. 
or the evaporation of waste liquids, or both. 
drying group, in which ‘the is first and then per- 


-colated for grease recovery with a further processing of the residual solids for 


In this process, there is no cooking and the d igester vent gases 


—The Cobwell group, in which the ¢ entire process is accomplished in 5. 
closed tanks termed reducers. In the reducers, the garbage is treated with 
“solvent, heated, dewatered, degreased, and dried. The process thus offers 2 


‘ minimum n of odor hazard. Recently, the garbage has first been ‘dried to increase 
the general plant capacities and to reduce net operating costs, od 


hi 


fai The s so-called Morrison process has been adopted at ‘Indianapolis, ‘Ind., and co" 


7 Dayton, Ohio, for the preparation of a stock and poultry food and other _ 
products” from garbage. is a cooking process, using ‘a steam-jacketed 


in which cooking, pressing, and drying are done. 
garbage reduction works § several relatively well defined sources of odors 


have 


have been noted. od First are the garbage ‘odors arising from the delivery ‘and a | 
storage” of the garbage. Second are the digester odors which are commo a 
described as having a caramel | or burnt coffee odor. _ The odor of the digester 9 a 

q 


tent gases is apparent at times’ and is different from the digester odors. ‘Third — 


are the drier odors resulting x from the escaping drier gases. ‘These generally Pg 
a burnt ‘odor with occasional whiffs which are acrid 


“By con ensation, b; by washing with water, ‘by heating to a high 
treating with “dhlorine gis: ‘aid by “removal of dust, “these 


various odors have at times been largely eS a! 


comparative analysis of these various reduction processes as they effect 


‘odors involves 80 many local factors that general typical operating schedules 


not likely to be helpful. Obviously, a completely developed plant of the 
cooking type, requires more different separate operations than one of the dry- 
ing type. In the former method, the cooked garbage is usually ‘pressed to 


cake containing from 55 to 60% of moisture of fairly 1 uniform character, and AR: 
this cake is passed through driers. — Under the latter or drying method, g green = 


235. 


garbage with an average moisture content about. 15% is the ‘material dried. 
There is, however, a wide range of moisture itent in ‘the different 
Thus, although one process eliminates cooking and pressing, the other calls 
for heavier work by the driers. - Thus, the economies of ‘operation ‘and the 


likely success of measures for odor elimination are interrelated. efi mi-2u 
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material into the ‘drier i is not uniform and if its distribution in | 


ELIMINATION ‘FROM GARBAGE DISPOSAL “WORKS 


‘Factors influencing ‘the costs of disposal a are which reflect 


: first cost, labor ‘costs, ‘maintenance costs, net sale prices of | grease, and 


 tankage after deducting freight, ‘and the cost of odor elimination. last 
ern: includes the often considerable increase in first cost due to the type of 


driers, condensers, and other equipment permissible from odor standpoint, 
as well as the cost of odor- eliminating devices. 


cooking of garbage i in digesters generates gases and vapors the treat-— 


ment of which is important in the control of odors. ‘There are a number of 


different digesters « on the market. ‘Some constitute a vertical plindrical steel 


Fae tank, generally lined with vitrified brick, with a a false bottom over a drain. In 
these the garbage is cooked with live steam. The period of cooking varies: 


tom ‘season to season with the condition of the garbage and, at times, with its 
age and state of decomposition. — A frequent period i is 8 to 10 hours. During 


cooking the excess steam is vented through small } pipes to condensers. Some _ 
digesters contain arms or paddles which are rotated to stir the garbage during 


cooking. Water or ‘waste liquors | are added to promote. the cooking. Other 
_ digesters are steam- jacketed and the heat from the jackets ‘cooks - the garbage © 


and may be used to evaporate the liquid contents. — In other processes, ne 
of the liquids | are pressed out by steam and, in some, the pressed material 

is partly dried by the heat of the steam in the jacket. ent “got “aor 
boil The ‘gases and vapors: from the digesters usually ‘pass to condensers, | where 


_ the steam in the: vent gases is condensed and a lange part of the gases is 3 absorbed 


he water. In some } plants, the insoluble gases have been trapped and passed 


ss the boiler furnaces, but it has } been : found that heating these gases to 2 000° 
Fabr. does not eliminate them, but. makes: them x more irritating by changing 


the sulfur ‘compoun 
densed and then burned and discharged at ‘the top of the boiler stack, ‘it 7 
: “probable t that : air dilution and dispersion i is helpful i in reducing the odor trouble. 
Based on studies by Osborn, Crowe, and Klein, it was concluded that by first 
us heating the insoluble « digester vent gases to about | 1 200° Fahr. and then pass: 


ing ‘them through water all odors. were eliminated. extent ‘and 


of these odors have not been fully related to the condition of the green garbage 


‘iiemnneinotats the type and design of drier and the rate of firing and 
of. feeding garbage or press cake are important. ‘With. direct heat driers in 
7 Ww which the gases and flames of the fire pass directly into the drier, charring- 


or burning of the garbage may result from contact between the the intensely hot 
i ses and the partly dried material. This is more likely to occur if the feeding 


through the drier is uneven. aos ‘Charring i is also more likely to oecur if there is } 


& poor adjustment of the fire to the quantity of incoming material and to vari- 
_ ations in its moisture content from time to o time ee mass. 
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‘ODOR FROM GARBAGE DISPOSAL one 
» he, A commercial rating for a direct heat drier, 53 ft, in diameter by 40 laste 
is the evaporation of 4000 Ib. of water per hour. In some garbage reduction 


en rates of direct heat drier operation have been noted as given in Table 5. cr, * 


| APPROXIMATE MOISTURE CON- 
evaporated. Dimensions 


dl As odors such as acrolein (from burned grease) result from burning or 


_ charring the garbage, close control of the drier operation is needed. This 


requires relatively complete combustion in the furnace so that only ‘hot gases 
_ Teach | the drier. The temperature can be controlled to some extent on on the — 


“way to the drier by air inlets, brick regenerators, and like factors. 
With: indirect heat driers, the chance for burning the garbage by direct 


contact with the flames is reduced as the flames and hot gases from the fur- 


pass around outside e of th the drier sh shell with the material on the 

inside. It, however, bits. of grease and other substances stick 1 to the hot shell, - - 

4 they will burn. In some driers, the hot g gases ‘pass ‘first around the outside of — 


+ the drier and then through the inside with the ‘material to be dried. Such 


driers were recommended for ‘the proposed plant at ‘Cleveland, Ohio, and 


fr were rated at an evaporation equivalent to about 8.2 Ib. of water per pound of 


coal, which compares favorably with a direct heat drier. 


With s steam driers, the “moisture is driven off by contact 0 of the material 
a with the shell of the pel (or steam tubes - through the drier) heated by live 
= _ Thus, the chances for burning are practically eliminated unless: the 


> 


material ignites. rate of evaporation, however, i is low, as steam driers 

"require about twice as much fuel per pound of water evaporated. Steam 
driers are, therefore, less often used in garbage reduction plants. — Riel 


2 under some circumstances, it may be preferable to ) operate ata slower drying» ta 


ate and a higher cost in order to ‘reduce the odor hazard. In some plants, _ 
% the garbage | or "press cake is first dried to about 30% moisture in ‘direct heat 


_ Even with the best of design and | operation, it is probable ‘that some odors 


il result from the driers, and these must be eliminated by special treatment. 


oe The most common method | is: by treatment with water, commonly termed 
Betting. Bases are passed through a masonry structure in which 


‘Sprays or curtains of water are maintained. A large water surface should me 


exposed to the gases‘ “passing through the scrubber. eat The ‘sprays of water 

__ should condense the steam and: absorb the soluble gases and carry both he ae 

hed 
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4 is too great, the particles of moisture naied some dust will escape at the chim 
ce oad ney ‘top, § and cad insufficient water is used, some of the steam and soluble sub- 
Wis 3 stances will escape to the atmosphere. _ Thus, scrubber operation may not I 


0 


entirely efficient. In scrubber | design, the items of temperature, velocity, time, 


uD 


BS * quantity, and exposed surface of water and the general arrangement are perti- 


nent and should be related to , the t type and rate of oper ation of the drier. a ; 
“Dust is probably best removed by sedimentation or - centrifuging prior ea 


j enonlbites In some cases, in addition to scrubbing, the drier gases are heated 


4 
by passing them through the hot gases” of a coal, oil, or, gas” furnace. Asa 


of the tests at Barren Island, it that “the odor of gas 
be completely ‘eliminated by heating to a temperature of 1 850° 
yal the cost of heating i: pertinent and should be related to the 
sc] Recently, chlorine gas has 18 been us used for the « elimination of odors from | 
gases” under the Henderson- “Haggard ‘patents. At New Bedford, Mass, 
is estimated that about 1 Ib. of chlorine is used per 1 000 000 eu. ft. of 
gases at Fahr. The chlorine is introduced at the entrance to 


Dp 


_ EXPERIENCE wiTH PLant 


T he ofs ites for garbage disposal works has been an 


tsk, which i is apparently more difficult i in some cities t than in others. Among © 
“the more important factors are the following: acter, 
(a) —The cupancy and use of adjacent are as. _Unoccupied and unused 


ree areas de® not suffer immediate damage from odor- producing industries. Rei 
dential districts where people spend their leisure hours and where children are 
growing up are ‘probably the least. desirable districts for locating garbage 
(b) .—The type of disposal plant and the character of its design and 


struction. The details of the plant may properly be : related to its location hea 
due ‘regard to future property developments and plant additions. 


The « distance to which odors : are likely to travel. Odors from digest: 


ers driers in garbage reduction works have been. detected at distances 


record of plant locations the distance from the city hall to the 
disposal works is giv en in Table 6. These distances range from ¢ a few hun- — 


feet to 50 miles, engineers are of the opinion that plants ‘should 
a be located far afield where odor elimination is not required. - Others f feel that 


“garbage should | be disposed of in the community which produces it : 


ad blue GENERAL SUMMARY 
In elimination, attention to detail is the steret 


plant upkeep cle pal niin 1ess_ are of of great in importance. 
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Papers. ] ODOR ELIMINATION FROM GARBAGE DISPOSAL WORKS 


matic and certainly it is common that a clean die 
eliminate odors as compared with a . dirty one ; and yet. the condition of gar- 


him- 


sub- bage- disposal plants covers a wide range from very dirty to clean. If plant 
ot be operators would realize that clean ‘means clean and that there is no com-_ 


time, promise with dirt, ‘much odor trouble would be eliminated. Having these 


: 
points in mind, | the following considerations will be helpful in odor elim- 


“ay ABLE 6. DATA RELATING TO THE Location OF “Ivcrnerats ATORS, NoveMBER, 1924. 


City. matter | of 


handled lane Character of locality. 


Charleston. W. Va..... 608 R. 0.75 |Semi-residential and commercial, 
Dallas, 7 158 976 R. _|Kactory and residence-. 
Danville, ll Negro houses of good character 7 


27 454 Residences and soap company, 


G 
G 
G 
G. 
| 
G. 
G 
G 
G 


106 482 | GR. 
29571 | GR. 8 Residences but none within 500 fi 
Minn G. 4.0 ted In open country near city work 
an Oak Park, Ii.. 
Scranton, Pa... ....... is Rendering plant and factories. 


in a fresher garbage at the disposal works. 


part of the general plan, good house treatment should be devel- 


oped and the collection frequency oriented to the method of disposal and 
location of the disposal plant as well as to the convenience of the house-_ 

(c) wagons ‘should be regularly cleaned to eliminate odors 


= to reduce the chances of receiving at the ‘plant. 


to the character of disposal works. el the over-all costs of. 
(e) Of, “particular importance is the capacity the garbage di sposal 


plant. No, garbage plant should be subject to serious overload when garbage 
collections are heavy y, if odors are to be eliminated. is ‘real factor t too 


—Following a a good general plan, ‘lean operation and real capacity 


proper devices for 
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ar 4 the best of technical engineering ‘effort. To facilitate this work many more 


! [ Papers. 


of residual. odors, including combustion and dust removal 


chambers at incinerators and scrubbers, condensers, ‘burners, chlorinators, ete, 

she To secure these various 1 measures for odor elimination ‘properly calls for 
tte 


perma data, earefully taken and recorded, should be made available on rates 


and results of operation for all the various d devices. However, with proper 


ah effort, ,a practical elimination of odors bens garbage disposal works can and 
an bse Tables 7 and 8 give data relating to to garbage reduction plants a and ee, 


—Data THE LOCATION OF GaRBAGE REDUCTION. Puants, 
— 


Bridgeport, Conn.. 
Buffalo, N. 
Chicago, Ill 
Cincinnati, Ohio. 
Cleveland, Ohio.. 
Columbus, Ohio 
‘Dayton, Ohio 
 _Detroit, Mich 
‘Dubuque, Iowa, 
Indianapolis, Ind.. 
Los Angeles, Calif. 
Michigan City, Ind.. 
New Bedford, Mass. * 
York, Y.*....| 
Philadelphia, 
Pittsburgh, Pa.. 
N.Y 
Schenectady, N. 
Syracuse, N. Y 
“Washir Ohio 


Stockyards. 
Sewage disposal plant in undeveloped district. 
Isolated near main highway. 
Open country near main highway. 
Warehouses, 

and industrial. 

Mixed. 


Sewage disposal 1 plant. i 


Fico 
= 


Population, Miles from 


Akron, Ohio 485 Leen |Farms. 
Denver. Colo ist ak 7 [Near city lim limits. a 


_ Grand Rapids, Mich ‘|Farms. 


Los Angeles, Calif 60 (Open 

Newark. N.J......- ‘commercial and industrial. 


Utica, N. ¥ 94156 
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CONTROL OF ODORS 
FROM SEWAGE TREATMENT PLANTS* 


Joun F. SKINNER,+ M. Am. Soc. OC. 
Ast udy of this subject presupposes a knowledge of the general subject of i 
on their nature, production, and means of transport. _ The writer has had 
“no opportunity. for experimental work and, therefore, can. treat the subject 
“only i in the most general manner. A line of research, however, is semen : 
subject has been studied under the following heads: =, 


Control of the ors 


onclusions_ 


a Sewage i is, at best, water-carried filth, the wastes from the population and 
-calinary and industrial processes. Such material may give off odor, ‘wally 
"unpleasant per se and often reminiscent of its source. 
A sewage treatment plant handling such wastes may be expected to make ‘ 
“its presence owe! in ‘the immediate neighborhood through the sense of smell, = 


promptly, effectively, and continuously with such 
"matter demands considerable tolerance. ‘Efforts: should be ‘directed toward 


minimizing discomfort, nuisance, and damage, control of ‘the operating 


by the design of the plant, and by its location. 
its should be isolated at - distance from occupied territory and the frequency, — 


direction, and intensity of prevailing winds should also be considered. 


4 should be surrounded by a wide ‘area under municipal ownership or control 
and preferably be masked or screened by vegetation. 


he ‘condition of 


Just as the ies of fresh feces 1 varies with ‘the food and t 


— the individual’s digestion, so when the putrefactive process is continued at 


Sewage | treatment plant, odors will vary with the character and condition 
j ae the influent sewage and with t the regimen of the continuing processes of 
biochemical change and digestion throughout the plant. 


* Presented at the meeting Qt the ‘Division, New York, 


Engr. ; Deputy City Engr., Rochester, Bo 
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AGE TREATMENT PI | ers. Pap 

‘The ‘principal g gases given off by putrefying are methane, carbon § seri 
and hydrogen sulfide. | Only the latter p possesses appreciable odor All ‘cove 
of them, how ever, may act carriers of ‘other a material. he an ex 
ample « of this transporting power of gases, pure carbon disulfide has a rather is, a 
pleasant ‘ethereal odor, but the commercial article | carries impurities that ¢ give § how 
it its w ell-known smell which is exceedingly disagreeable. und 
— Wa ater vapor may carry gases and other r products of the decomposition of liqu: 

organic matter in n solution or it may y transport such products in colloid form, ‘Thi: 


or in the form of finely divided suspended solids. If these malodorous particles 
reach human olfactories the fact of the existence of odors is at once established. 


as P,, oF Another source of odor i is the presence of moulds which reside and grow on 


“. _) walls, floors, hand railings, and all exposed surfaces i in the immediate neighbor- 


ae hood of the works. These ar are e readily transmitted by contact with the flesh or 

clothing. ‘If one touches such surfaces, his hands or gloves will have a notice- oy 

Source or Opors cond 

_ The odor ¢ of fresh sewage, when not confined and when flowing ‘tranquilly foe 

* n channels an and tanks or when remaining quiescent in tanks, is not particularly of tl 

- offer nsi ve, except to the hypersensitive. - As ‘such sewage becomes older, its odor With 

* more pronounced and its condition passes on ‘through the stale to the septic matt 

- ‘State, when gas can be seen to bubble from the , surface and an war of hy drogen by tl 

es may be perceptible and also an odor often described : as a “sweet t-sickish [More 

cr 


we When the influent sewage flows. rapidly over steps or down an incline where 
the smooth flow i is broken by baffles—as i is or was the case, . where lime i is mixed 


with the s sewage at Worcester, Mass.—in advance of the chemical precipitation 


tanks, the odors liberated are very strong. A decided cessation, or reduction 


in 1 intensity of of odor is” observed at this station as one proceeds along the wa walk 


4 
‘between the tanks, , but it again becomes intense on going back to the vicinity of 
m it’ not | by, the p of offal or 


dead animals, can ordinarily be removed, disinfected, dried, ot 
covered before foul odors are noticeable. —. 


Detritus or grit from properly» operating grit chan mbers- does not 


unpleasant odors, as contains little putrescible matter. If, hdwever, 


= 


- sludge is allowed to collect in such. chambers and remain and become septic, 
wah ant has boot Buk des st to. sebo ant 
Fine racks and screens. which intercept feces, or places where feces are 


present in large quantities floating in _ the screen claaakes or accumulated in 

a may become offensive, as noticed in the screen house at Baltimore, Md. 

i such material arrives at the plant already comminuted, or if visible pieces 


‘ 
are so few that. it is practicable to break them with a hose stream and pass 
; the fragments on with the effluent, the remaining screenings may vary from 
washed ut garbage and offal to non-putrescible detritus and will only be 
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offensive if not remove 


serl 


1 
ather ‘is, as described, on. the of the sewage. Ina a septic ‘tank, 
give however, where the sewage is generally older pote where there. is a mass of - 
ad — undigested ‘sludge, both below the surface in the tank and floating on the 
“ of liquid, ‘there is usually a more “disagreeable odor - from the undigested sludge. 


a This condition is best met by covering the tanks. - When sludge is placed i in 


rm, 
4 tanks for “separate digestion, the odor 3 is more intense and becomes 1 nauseating : 


ee Pe The effluent of an Imhoff tank when sprayed upon a sprinkling filter will © 
aia be more or less odorous, ‘depending on whether it is stale or fresh, concentrated 


or dilute. It may also bes affected by ‘the character of the raw sewage and 

Ww hen the sprinklers are in display the odor is noticeable to the leeward, 


as might be expected. . W hen the sprinklers 2 are at. rest and the bed is in good y 


“condition little odor is noticeable if sufficient sedimentation has been previ- - . 
“ously accomplished. If, however, proper sedimentation has not been performed, - 7 a? 
fragments of putrescible : matter of considerable size may lodge on the surface = . 


of the bed. form accumulations | which will putrefy a and give off odors. 

: With proper r preliminary. sedimentation, the smallet sized particles of ‘suspended — 
zy 

matter will pass through and below the surface of the bed and: the é air entrained | 


by ‘the falling - drops will carry down any - odors given | off by such particles. ae 


Moreover, such particles themselves will be washed dow n into and through th me 


“4 the activated sludge process, little odor is occasioned by the aeration 


where - tanks. In the direct o oxidation process, as the electrolytic tanks are kept. closed, 
mixed little ‘odor may be anticipated except at ‘the screening plant, for the sewage - 
‘itation before passing into the sedimentation tanks has been treated with an excess of ae 
tuction lime, which. also prevents odors from being given off by the sludge. 
1e walk Thoroughly: oxidized effluent from a sprinkling filter and in a final settling 
nity of has no appreciable odor, but the secondary sludge. when occasionally 
removed and allowed to stand until the larvee and worms contained therein 
offal or have died and ‘their bodies have putrefied, is sometimes quite offensive fora 

ried, of few days. a has an odor ‘similar to that of a bait box of fish worms which . 

een neglected until the worms h have died from exposure to the sun and 

Awever, ell digeste sludge has a not unpleasant _musty odor which 
septic, ‘travel far. Some deserthe as a “choky odor”, or as if it. 

N TH DUCTI OF 

re, M Screenings should be removed promptly and covered with earth. The 
e pieces of composted se screenings as a fertilizer has been suggested. continuous 
nd pass belt- conveyor has been 1 used at the Trondequoit Treatment Plant at Rochester, 


N.Y. since 1917 “for removing the* product of four 12- ‘Reinsch- 

belt dumps the industrial ear which is hauled 


rbon d and disinfected, burned, dried, or a 5 

7 
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anest method of removal is probably by pneumatic con- 


veyor. By this method the screenings are least exposed to the air and to flies. 


The writer has a plan for a a plant soon to be constructed i in which the only 
treatment of the sanitary sewage will be multiple screening. is proposed, 
after passing coarse racks, to screen the fresh sewage twice iheoinith openings 


e 4 of diminishing size and then to convey the screenings, including feces, and 


4 grit if any, to the top of a a closed silo tank for storage. _ They will later be dis- 
into farmers’ trucks when required. 
| sewage and ‘sewage in tanks and channels should be screened or 


; ; skimmed so that no floating material will be present to putrefy « on the surface, 
: Bio- chemical changes in the sewage solids can best take place under water for 
ei F gas rising through the water will be washed and partly dissolved ‘80 that less 

will be sent abroad into the atmosphere. 


If the design of the channels is that sewage will Sow smoothly 
1 not be broken up and vaporized, considerable odor will be avoided. . the design 


F £ allows spray to be blown into the air, it ‘may be condensed by providing + 
Covering ‘on which the spray may impinge. 


___ Sprinkling filters have been 1 rejected for some ‘exposed locations near dwel- 


lings, and contact beds have been constructed rather than the sprinkling filters, 
- because | of the fear of odors to the lee of the filters. In such situations, advan- 
tage might be taken of the economy of the trickling { filter over the contact bed 


Yate 


by adopting a dripping distributor in. place of the usual sprinklers which toss 


ei spray into the air and thus furnish the most cause for complaint as to 


odors. — Wherever possible a location should be sought which is not exposed to 
_ winds which may blow odors or flies to a distance. - Sludge is more or less 


offensive as it i is less or more thoroughly digested. 
sludge digestion tanks have been operated experimentally with a 


layer of oil to keep air from | the surface and solids from ‘xposure on the 


surfaces. experiments” have not yet conclusive. As ag general 


proposition, sludge digested under water is less productive of odors dian when 


Sludge cake from the of undigested sludge i is like ely to be offensive, 
t especially in warm moist weather. oft may be covered with | earth or ashes 


Digested sludge is inoffensive and does not attract flies. 


a.  Lagooning u ndigested sludge is likely to produce odors, for either scum 
om form or r there will be ‘nuwalicient water to cover the sludge which will 
 putrefy and give off odors. j 


general, | 


agooning should ‘aly be adopted in winter or in remote loca- 
_ tions where no nuisance will be occasioned to neighbors. es Secondary sludge, 


4 following « sprinkling filters, may be pumped into tanks for a. or removed 
the weather is best for its disposal by lagooning. 


Assuming that certain 2 odors. will b be produced ix in a a sewage disposal plant 


ir 


it 
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| 

con- 

‘fies | 

only it is assumed that odors are colloids, 

sosed, | or finely divided solids which reach human olfactories, this part of the study 


must be directed to the means by which these attenuated gases or minute par- 7 7 


- and F ticles 3 move, what gives direction to their motion, and what effects their inhees 
e dis- as observed odors, i in various localities. 

The elements which at once suggest themselves | 

ed or (a) of gases and vapors in still air. 


“re a Relative temperatures of air, sewage, gas, and vapor (convec 


Moisture | and vapor t tension of the old 
(d) Wi nd direction and intensity. gin 


lesign (g) Mingling o of ‘other more pleasant odors. div 
(a) —If the air is perfectly quiet and ‘there re are no disturbing temperature 


conditions, a a gas ora vapor ‘carrying odors” may diffuse equally in all. 


_ tions in the atmosphere, and its intensity will be inversely | as the cube of the y 
distance from its source; hence the odor will not 1 travel 
r 


h —If, however, the se sewage and the ; gas or’ vapor emitted by it warme 

than the surrounding air (a. condition which may obtain in 
weather), , the warm gas or vapor will rise through the cooler r and | denser atmos- 
phere until the odor-bearing gas or vapor has cooled to the. temperature of the 
ee "surrounding air. During this time diffusion has been taking place into an 
_stmosphere so that one may assume an odoriferous column expanding upward 

i, i P in the shape of a plume, denser at the center than at the: periphery and similar | 
woh 1 i in form to the steam cloud above a volcano; not much odor would cause com- 
however, the air is warmer than the sewage, aS On a summer day, the 
and vapor given off will diffuse into the atmosphere relatively near the 
and only ‘Tise and disperse when it has attained the temperature of 


| The opposite conditions of ‘temperature just cited may in 


ape | pa art, for the more intense odor near the disposal plant in summer than ge t 
Wi inter, although doubtless there is the further explanation | that more active 
‘decomposition is taking place in summer than in winter and greater 
yee! There i is also the case of the cool summer night when the s sewage may be as 


"ff Warmer than the denser air and warm enough for the maximum of bio- chemical 
activity. _ Being slightly warmer than the air, odoriferous gases will rise to 


i 
te height, but possibly not far enough to be diffused in the upper air as : 

‘described for quiet winter weather conditions. With a8 gentle breeze, ‘these 
= nights are often made unpleasant at some distance from the disposal 


- ‘Plant, for windows are open and residents may be awakened by a an n unusual _ a 
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it will take the: pleasant ‘and unpleasant may 

se odors to considerable distance. W ith moist air, however, near the dew 
r when rain is falling, se sewage vapors will not be taken up and only | 


will be transmitted which a are being given off so voluminoualy thst: 


—The of is so rare as to he almost 
there is generally some wind movement, be it ever so ees se! 7 


A strong wind will usually dilute the odors to so o great an extent that they © 


_ become negligible at a short distance from the disposal a 


bay gentle breeze, however, wafts. the odor cloud bodily to leeward before it 


- has become sufficiently : attenuated by diffusion to destroy its unpleasant char- 


= 


By: processes are most a active and w hen, as already mentioned, windows are open. 


This indicates the adv isability of not. placing a plant: to the windward of 
= — (e).—If the plant i is in a protected 1 valley, or one surrounded on the wind- 


ward side by woods or high hills, the probability of blowing odors from it is : 


Screens 0 of trees not ot only prevent access of the winds 


_ which transport odors, but both forest trees and artificial plantings of trees 
and shrubs by means of their moist leaves furnish surfaces on which odor- 


4 iferous gases and vapors may be condensed or absorbed. 


9 —If trees and shrubs which g give off pleasant odors are planted about 
_ the premises i in | masses su suficient to affect the atmosphere, they will be noticed 


(A). —Out « of sight is out of mind in sewage ‘plants as i in other things. 


6 


when i in fact the scum and the stream be odorless. ‘bt 


inary odors from causing ‘annoyance. The nerve ‘sensation called | smell n may 
forgotten if other interests are paramount. Andifibacs oti 


The sewage disposal plant designed liberally. 80 that it will not 


be overloaded. it should be located in a protected and isolated ‘spot. 
‘should be operated to avoid ‘uncovered, decomposing, solid matter and the walls 4 
wat am floors should be kept clean and washed down at least daily. Splashing and 


the needless ‘production of ‘vapors should be avoided if possible. The plant 


should be sereened from v view y when practicable | and visible parts should be made - 


a _ attractive t by means of trees and flowering shrubs. _ Keep the sewage treatment = 


me away from ‘the public ‘and keep the public away from it, especially when v 


operly. These measures will mitigate if not ‘entirely J 


‘ acter. _ This condition is more noticeable in summer when the disposal vit j 
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i = suggested | line of research is is as follows: r As exceedingly minute portions 
of a substance are carried in the air and d constitute odors and as bacteria 
exist in earth, in sewage, and in the a air r close above e a sewage lant, may it not 
p 
be conceived th that the putrefactive odors 1 w vhich differ from pure gaseous — 
STAD 
are in part, at least st, due to # the presence 0 of these b: bacteria in the air? ie 
this is true, will “not the destruction of these bacteria result 


‘diminution of the odor? Chlorine, the best known disinfectant, would have 
* be distributed and released continuously i in order to be effective, and mor e- 


it would add an odor of its own. Oren’ 
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THE DETECTION AND ELIMINATION OF ODORS | FROM 
Roseer Spurr Westox,t M. Ax. on 


- And In a commereial or practical : sense, the word, petroleum, applies to natural, 
- liquid hydro- -carbons which, from a scientific standpoint, are not strictly liquid, 
but are mixtures of gases, liquids, and colloidally suspended solids. 
Shortly after its discovery, the chief use of petroleum was in the “prepa: 
ration of illuminating oil. Following this occurred development of 
petroleum lubricants which were | found to k be superior to the animal and vege- 
table fats and oils previously used. ‘However, it is chiefly because of the de- 
“ _ velopment of the internal combustion e engine and the increased use of oil as 
that the pé petroleum industry has become 80 extensive. It is estimated 
= aa that, ‘there are about 16 000 000 automobiles in use in the United States at at 
present, and the number | of Diesel, gasoline, and other motors of this general 
7 type is increasing for nse on land and bercohes and the high prices of coal and — 
labor have furthered the use of oil for fuel. 
Th world’s production of petroleum from 1919 to 1923 ae as follows: | 


Of the produced, than 60% came from the United States, 


and more than 90% from the United States and Mexico. The production of 
petroleum it in Mexico is declining, but the loss is likely t “ be greatly compen- 
x sated by 3 increased production in Venezuela ¥ where « ee fields are being 


ut the world. Most of the re sfneries in United States are 
oy along an are drawn from Texas to Massachusetts, in California, and in Wyo- - 


ming. ‘Until ‘recently | ‘there 1 were no tefineries New England, but in the 
au ‘past few years several large installations have been made in the vicinity. of x 


Narragansett ‘Bay and Boston Harbor. introduction of this new industry 


Bat in thickly settled regions s where the people are jealous of the purity of the 
“a gaan Presented at the meeting of the Sanitary Engineering Division, New York, ag RY 


+ Cons. Engr. & Sampson), Boston, 
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atmosphere and the cleanliness of the has ‘created ne new sanitary 


_ The use of petroleum in the various grades is growing and has become 
= rather than | local. _ Therefore, it must be expected that refineries, a 
hich have increased from 176 in 1914 to more than 500 in 1924, will be ye 
located where “economic conditions necessitate. Consequently, sanitary. en- 
gineers must assist in making these plants inoffensive and thus contribute 
the prosperity of these localities with minimal of a healthful 
= _ There a are now v three large oil refineries i in Massachusetts and two in Rhode 
‘Island, and it is in these States that: vigorous complaints reg rarding 


cru 


ru ide petroleum oils: differ greatly i in 1 composition, | specific gre grav ity, and 


content, which varies less than 0.1% in Pennsylvania oils through 
less than 0. 5% for Mid-Continent o oils, ;, to less than 3. 0% for W yoming oils, : 
and to more than 5.0% for Mexican oils. “Sulfur i is important because it forms 
disagreeable compounds with the hydrogen, nitrogen, and hydro- carbons i 
the oils. These compounds, some of them gaseous, are given off during» the _ 
process of distillation. | The most difficult odors to control | occur when a re-_ 
~ finery i is operating with | ‘Mexican or other oils high in sulfur. - Certain refin- 
tes in New England began « operations with Mexican « oil, and with no devices — 
to prevent the escape of odors. The reaction by the public was Seeauenaed 


ia 
TYPICAL REFINERY PRACTICE 


Although this paper is not descriptive of. oil although the 


Practice of this art varies greatly, it seems well to . outline the general practice — os 


in order that the methods of odor control may he understood more readily. — — 
Refineries. may be classified in two ge general groups, namely, skimming or 
topping plants which confine their operation to the separation of gasoline 
and the lighter oils from 1 the crude oil, and | complete refineries which split “ a 
the ¢ crude product into | gasoline, , naphtha, kerosene, gas oil, light and 
lubricating oil, fuel oil, paraffin - wax, pitch, coke, and other products, as the | 

- markets demand. # ‘There are many modifications of these two kinds of plant. = 

For example, either may be operated in 1 conjunction w with a so-called —. 

- temperature distillation or cracking plant which, through heat and pressure, 
off hydro- carbons of lower boiling point from heavier oils, that 

_ of the more } profitable gasoline and lighter products | may y be increased. s Then 

again, it is unprofitable for certain refineries -earry the distillation until 


only coke remains i in the stills, and such may stop distillation when residue 


from ‘the still’ are numerous, 
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‘gaseous | form, and. the heavier oils, pitch or or coke, which, when hot, are 


to give off strong odors. * Coke cooled with water is apt to emit : an odor when 


the steam which arises from it ca ries away the odor « of the coke. ber 


Fire 


| 


cof 


Agitator 


dig: 110 dai iD obit Unfiltered 


“19 


OC 


During ordinary distillation, carbon: accumulates on the shell of the s 
the scale thus: has to be removed by hand, at frequent intervals. 
The cleaning of stills, or tubes, is ‘particularly frequent with the cracking 
Process, in which | high temperatures and pressures favor the deposition 0: 
carbon and make delays in cle: aning dangerous. al past 
Bir Fuming sulfuric acid and lead oxide are used to treat gasoline and other 
lighter products to improve e their odor. This is especially necessary if the 
fa 
ude oils contain sulfur and saturated hydro- carbons. This operation is 
ally conducted in tanks, operating either on the batch or the continuous Sy stem. 7 
sulfuric acid carbonizes some of the asphaltic bodies and “unsaturated 


hy dro- carbons settle to the bottom: tank with the sulfuric acid 
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rm the is known as sludge acid. This mixture is 
with water and the sludge oil separated from the weak acid. _ Frequently, the 
is recovered by concentration and the process may be conducted so as 


‘to be extremely offensive. _ The sludge itself becomes acrid and offensive, eape- = 
cially in the vicinity of the refinery, but fortunately the odors ar are heavy, 


‘will be seen from Figs. 1 and 2, “nearly ‘all the processes require water 

“X for cooling, and this, together with whatever oily wa waste may escape from ‘the 
plant: through leaky condenser coils, By accident or or otherwise, is usually dis- 

_ charged from the re refinery i in a common drain, discharging i in turn into a large 
‘subsiding basin (Fig. 3), i in which ample time is given for the removal, by 

"gravity, of the subsidable solids and the skimming. off of waste oil. 


Br, 1 mer effluent from such a basin should not contain more than 20 parts of oil, 
(ether | soluble) per million. Frequently these basins, when the 


e there i is | accidental leakage « of volatile products or w when batches of ~ 
improperly processed, are re salvaged by discharge into the 


material is exhausted or clogged, it is necessary to ‘regenerate it by heating 


in a rotary kiln until the waxy accumulations are volatilized. if the dust : 
x and oily ly vapors from the kiln are discharged directly into the air, -, offensive 


3 - odors may may be carried for miles, apparently i in n the form of colloidal particles 


a The crude oil from ship, tank car, or. pipe e line 5 is stored in large tanks, 


steel, and covered. is obvious that, during the process of 
aT _ the gaseous products | accumulated in the empty tank from a previous filling 
uy 
will be ‘discharged into the atmosphere, the tanks inhaling a air and exhaling 


petroleum vapors alternately. There is also evaporation, v which is greater if 


boilers, stills, and cr cracking plants are oil or -fired and give give off 
‘= ‘the products of combustion characteristic of oil-fired furnaces. " These products 


possess the characteristic burned-fuel-oil odor so frequently noticeable i in locali- 


ties where : fuel oil is burned, beneath the boilers of sett locomotives, a 


main sources of odor may be listed as 


8 

dust mate 

OT The heavy, acid, and acrid ‘odors resulting from ‘treating oil with 
> oe acid and other chemicals. This odor is especially strong wien when 


the oil and acid are ee by ¢ compressed a air in open — 
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The emanations from curfaces o of or separating 


ace of water in gas- holders. 


x we (8) The vapors given off from stills. when opened and steamed after a 
(9) The s stack | gases from -fired this is the most prevalent 


UF The substances ‘included i in these odors are | petroleum and asphaltic hydro- — 
pina 

carbons, hydrogen sulfide, carbon bisulfide, sulfur dioxide, “sulfur trioxide, 

pyridin vapors, the oxides of carbon, and various volatile compounds o of s ulfur — 

or sulfur and nitrogen, of, which the offensively smelling mercaptan is. an 


‘That some of these odors may be present. in air in sufficient concen- 


trations to affect the health was shown | by the studies of Mr. S. DeM. - Gage,* < 
who reported that during 1921 at least ninety-six persons in the vicinity of . 


Rhode ‘Island refineries had been more or less seriously affected by them. ‘The 


symptoms ns most frequently noted were nausea, headache, vomiting, sore — 


and j insomnia, and it! was the c opinion of the majority of physicians consulted 


that asthma, respiratory diseases, and Nervous diseases: 


= 


7 


matters which pr the odor may be divided into two namely 


te gases and vapors. Bases diffuse rapidly and the i 
the odor roughly v 


odor produced by ‘vapors which, in the form of minute “odorphores” 


impinge directly upon the olfactory organs and | seem to lose their 
very slowly with distance, within the sector where their presence may be ob- 
served. 7 The distances to which ‘they may be ‘observed seem to depend — 


upon the humidity and the character of, the air currents which | carry _—” 
For example, the writer has observed the acrid odor from. sludge acid 


when it wae SO strong: that it was impossible > to remain a whole minute in its . 


presence. ‘Yet. this odor could not be. observed 3 ‘mile to. the leeward of 


its point of origin. On the other hand, 1 the sulfur compounds 4 in the vapors ie 


given off from ‘Mexican oil were: at least one- -fourth as intense mile 


as rnd were in the  Tefinery yard where were produced. 


due to t 


inthe 


ot * Report of Rhode, Island State Board of Health on ‘the Cause, Prevalence and Effect . 
Offensive Odors in Providence, Cranston, East Providence and Warwick —— 1921. ae 45 
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It i isa fact of physiology that the nose detects two classes of odors: First, 
tte true odors which are observed by organs located in the » “upper nasal pas- 
- sages behind the superior turbinated bones; and, second, the irritants which 


nee 


slitia 
are observed by a separate set of nerve endings in the anterior part of the 
nose. 


"nos example, perfumes are perceived by one set of nerves, whereas: 
irritants lik like ammonia and pyridin, affect the other set. Certain substances 


; | Hike: tobacco ‘smoke, for example, a are both odoriferous and irritating, and the 


Bases. given off by oil refineries are in either or both of the two classes. ont 
al Oily vapors, for example, volatilized vaseline, possess true odors: which ied: 

= not irritating, whereas sulfur trioxide is sometimes “recognized by its i tat 

ing effect, before being detected by the olfactory organs. i Certai n vc 


ain volatile 
_ hydro- carbons are also highly o odoriferous, but are not irritating | unless present 


is a pecu 


liarity of the olfactory organ, by which the true ‘odors a are re de- 


- tected, that it tires rapidly and that ordinarily sniffing is required to carry 
_ odor to. the. portion of the lining membrane of the nose where in a small area 


5. mm. square on each side) the special organs are located. 


ove 
Names of Odors. —Various | observers have. given names to the various 


odors, and sometimes various names to the same odor: observed about ‘oil 


refineries, or convenience, the: following adjectives have in 
writer’ practice: 


“Sweetish ... The of produc ts. 


-Turnipy . .... The odor of well-diluted petroleum gases contain-— 


On nion or garlicy.. The | same ‘odor i in higher concentration. 


Sulfide” rotten- -egg- -like odor of hydrogen sulfide ; gas. 


Sulfur trioxide... The characteristic odor of fuming sulfuric acid. 

seo! of In considerable dilutions this detected by 

y ihe ¥, The | odor of | distillate as from 


ate 
The burned oily odor i in n higher concentration. id | 
of these odors may exist singly, or in combination, and com 
“3 binations may possess odors and irritants which are difficult, to analy 
ty ‘Intensity of Odors.—The e intensity of odor may be graded on a aae't , 
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he 1 nerve in ‘the nose not only are delicate qualitative 
. -— instruments, but when the results of, their trained use are classified and the 


adjectives pertaining to quality are given’ “numerical values, they do more 
reliable work than any mechanical instrument; because, aft after all, the Teaction , 
ofa complaining public depends “upon nasal observations a and ‘not ‘the qualita- 


tive results of chemical a air analy ses, V which are of little . practical - meaning: x to 
them. Furthermore, | an observer becomes expert with training and can detect ) 
and describe odors which bate « a lay observer. “His observations are of espe- 


value e when a differentiation of s sources of odor is ‘required. 


Gas Analyses. —Chemical ga gas analy sis ‘methods. are more effective for the 


detection of the irritating sulfur gases, it being possible to measure 
je centrations which are about one-tenth of those which may _ be detected b by t the - 


nose. For example, hydrogen sulfide. may be smelled in concentrations of 

100 0 parts: in 1 000 000 000 parts of air, w hereas the same gas may be detected —. 


using  100- ‘liter portions: for. each, determination. ‘bas! 


The | Yasal Method. —The first requisite for this. method i is an “observer of 


keen | perceptions, one who i is quick to. notice any change in ‘atmospheric | con- 
dition ns and who can make judicial records of his observation. igi; |, | Oe 


ae The i is a great convenience for making observations, but éare 
- should be taken to select a machine which. emits the minimum of oily wee 

| and when making observations, the observer should step out of the automobile | _ ’ 


80 as to avoid any error due to observing the products in the exhaust of the 

‘motor in place of those present in the air at the point of observation. 1 punt ' 
ij While making record of nasal observations, together with those of wind 

ied weather, a sheet, Table 1, has been used by the writer’s firm , te will | 


be noted th that there are spaces f for “recording the velocities and the direction 

of the wind atv various times of observation, ‘the weather, and the time, place, 
kind, intensity, ‘and probable source of any odors ‘observed. Space | is also 
sit provided for smoke observations for the reason: that 11 the burned oily odor from :! 
stacks” connected. with oil-fired ‘furnaces, , is more oF | less proportional to the 
ay Fall River, Mass., eight stacks were “observed. Some of these were 
agi ie within the refinery yard, and others were connected with various mills within | Pi, 
two miles of the refinery. Ringelmann’ chart was used to record the p per- 
centage of black smoke ‘in the emanations from the various stacks. 
umi ity was | observed at one station ¢ on i 
Having made the observations, the next step is to express than in diagram- 
Matic form. For this purpose, reproductions of a map of the vicinity of the 

7 ; --tefinery about which observations are made, are useful, and Figs. 4 and 5 show 

fis. the map- diagrams | which were used at Fall River and at East Braintree, Mass., 
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EPORT OF Oporn OBSERVATIONS. 


4 Hours ‘Ending at 7 a. M., July 25, 1922, at Fall River, Mass, 


vel, WIND 


N-NNE 
NONE 


3:45 Lincoln Ave. between Rock} | 4 


7 


and Belmont Sts........ Onion—sweetish. Faint.. N.E.0.R 
4:00 Ave. between N. 


ae 


Main to Dartmouth on Pine.|Burnt oily.......|Faint to distinct...| Electric — Plant J 
and St. Mary St..... Onion— Very faint.........|/N. E. R. Co. 
burnt Oi ily .|Faint traces only.. American Print W ke 


SMOKE OBSRRVATIONS—DENSITIES ACCORDING TO RINGELMANN’S CHART.—PER CENT. BLack. 
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smoke observations, the intensities and kinds of odors, and the areas s within 


which the odors were observed. it will also be noted that odors were observed 
as coming from three sources, one of which was the oil re refinery and the 


others manufacturing plants where boilers were fired with oil. Compared 
with a large power | house, an oil ‘Tefinery i is as small 1 consumer « - of fuel oil, , and 
frequently odors detected in the - vicinity of a a refinery are properly chargeable 


to the furnaces of public : service and ‘manufacturing 


INSITY OF ALL ODORS 


of recording r results. _ The observations at this place benefited by tl the use of 


a recording weather- ee which avoided many errors in observations of wind 


direction, due to topographical features near the points” of 


On the diagram 1 referred to (Fig. a various data were recorded by the use 
of symbols, = the illustration i is one a mean intensity 7 of all odor : 
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thin ; in each sector of 22.5 5° and ‘the relative mean intensities of these odors. - 
pm i the section of each annulus lying within the sector, the mean intensities in — 


1 the ~ each sector being expressed by figures, and those in — section of an 1 annuus 
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6.—Dust SAMPLER, PALMER WATER SPRAY TYPE. 


Chemical Adalgoie of Air: —The modified Palmer Citic. 6), which 


been deser ibed previously by the writer* has | been used quite successfully 
| for the estimation of the amount of sulfur gases es contained in the air. This 


4 machine i is operated by a small. electric motor, and unfortunately | requires the 
ial ation of numerous lighting sockets, prefer ably on the poles of the electric 

¥ ig iting system, in order to ‘operate the machine over any considerable area’ 

country surrounding the ‘refinery under observation. The stations at Fall 

‘River and E ast Braintree were located indicated on the map-— 
iagrams (Figs. and 5) by numbered rings. 2) tot O19 

ay _ By means of the Palmer machine, 100 liters of air could he aspirated through — 


caustic-soda solution and the sulfur gases absorbed determined by 
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a an the u usual chemical method. “This method is similar to the one used by the 


_ copper companies in the West for the detection of. sulfur dioxide in the gases 1 


4 
emitted from smelters. Usually the concentrations of gas found in the air 
‘were very minute, although concentrations as high as 50 parts per 1000000 

were observed in the vicinity of sludge acid tanks, but beyond a mile of the 


refinery conditions are unusual when 1.0 part of sulfur gas, computed as 


i 


; hydrogen sulfide, was found. Unfortunately, this method of absorption | cannot 

between sulfur dioxide and hydrogen sulfide. 

The presence of a faint burned- -oily odor i in the vicinity, of a refinery, and 


| | iltilaes some distance to the leeward is to be expected, just as the same odor 
-) ti observed to the leeward of ar any manufacturing | plant using o oil in the power | 


¢ “house. » I It is desirable, however, that no other odor be present, and it is possible. 
to conduct a so ‘that the any other odor will be the result 
? 


AND ELIMINATION OF Onoks 


General Methods. —There are two general 1 methods used to eliminate odors 


from petroleum gases and distillates. ‘One method is to pass all the gases 
a scrubber and absorb them in water which in turn is. discharged 


the nearest large body of water, usually through | a skimming tank or 
fesse The objection to this method is : that the water used to serub the . 


gases is | as capable of liberating the ‘gases under certain conditions as it is” 
absorbing them ‘under others. Consequently, objectionable od odors are fre 


quently absorbed, only to be given off again | later. of oldi 
“ ef 4 ¢ Petroleum distillates have been used to scrub the | gases, in n place « of water, 


- the aim being to re- -distill the > combination and recover a part of the vola- : 


I tile matter in ‘the form of gasoline, thus i increasing the gasoline production : 


E of the refinery. "This method often fails because of the gaseous character of the 


“compounds which refuse to remain a absorbed i in the finished product. ~ Conse- 


quently only postpones ‘the final the odoriferous 


The best method yet devised for the ‘petroleum com-— 
pounds from the a air, ‘particularly those offensive ones containing | sulfur cand 


nitrogen, is to collect them by means of a vacuum ‘system, and to burn them 
beneath a still or boiler. This method is not only practicable, but. effects a 


| The danger in carry ing out this process is one of forming explosive ‘com 
Pe __ binations of air and petroleum vapors. _ This can be guarded against, however, 
by placing Monel metal screens, Figs. 7 » 8, and 9, at various convenient points 
in the collecting piping. These screens upon the safety-] ‘lamp principle and 


Another: requisite of the process is to provide for uinitinie in the rate 0 
, for it is obvious that when. a still i is is freshly charged, the rate of 
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1 


to ‘used in ‘illuminating ‘gas- are ‘used. “The gas- holders. are con- 


“nected with the ; gas mains, and maintain a practically constant. pressure at the 


[| burners b beneath the stills, furnaces, o: or boilers. A ‘partial vacuum of a few 
jas [| inches of water is maintained throughout the system by exhausters similar to _ i 
nnot those used in illuminating gas practice. These exhausters must be of ample : f 


is usual to provide two vacuum systems, one connected with ‘the stills, 
fre 


odor. om which ga gases rich in combustible material are ¢ collected, and another sys-_ vg 4 
ower tem connected with the tanks, th the collections | from v which are ‘comparatively 
sible weak in combustible gases, > The ‘collection system for ‘the tanks i is somewhat Ee 4 
esult. 4 different from that for the. stills i in that some a air is collected at all times, 7 4 


a water seal equivalent to a depth of water of about 1i in. Consequently, when | 
the tanks are connected with the vacuum system, a slight partial vacuum is = 
"maintained at t each tank where odors are likely to be produced. Exhausters- 
on the gas main maintain the desired vacuum 1 in the tanks. higher 
negative pressure is maintained on the still gas lines. 
With the whole refining process conducted under a partial vacuum, little 
or no petroleum gas can escape into the atmosphere unless its combustion 
beneath stills and boilers be incomplete. Figs. 12 and 13 show the types of 
burner: used beneath the boilers of a refinery in Massachusetts. 
Naturally different ‘burners have to be provided for the gases 
distilled from the petroleum than for the enriched air exhausted from the 


- storage’ tanks. The first is utilized like any other gaseous fuel. The soedd 


r: _ Each tank is usually provided with : a seal or trap (Figs. 10 and 11) , having it 


is used as if it were a semi- ‘inflammable air used to support and accelerate — . 
combustion, ‘The difficulties of « caring for either the petroleum gases or the 

air are those connected with maintaining a proper temperature 

the furnace. In the case of the enriched air, ‘it is usually necessary to 

: it in eonjunction ; with fuel oil, and in both cases the construction of a suit- 

+ able. checker-work of brick to make sure that all the gases are raised to. ‘the — 

Occasionally stack gases will show evidences honing heew imperfectly 

i in the furnace, where oils high in sulfur are refined, may con- 
the objectionable nitrogen- -sulfur compounds. ig The usual remedy in such 
eases. is to raise the temperature of the furnace, although experiments made 


under the of the writer have shown that the introduction ofa small 


amount of chlorine gas into the stack gases will so change their character 

le and that they will become unobjectionable. This ] process is the one so ‘successfully 
applied by Professors Henderson and Haggard to garbage to ‘overeome 
disagreeable odors emanating therefrom. oil ad bite 
Odors from Sludge Acid —The disagreeable acrid odor ¢ off by sludge 

the acid is. difficult: to control. ‘In some plants, the material is removed and = 
eed with earth. ‘This requires a large area, usually not available i in connec- 

tion with a refinery. ‘The sludge is in in to recover the acid and 
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devices” for ‘maintaining a p vacuum by a 4 


in the stills. By the use of this apparatus, in which the weak acid 
ake _ may be agitated with superheated air, or heated 1 in a retort, ‘the emanation of 


disagreeable odors may be eliminated. F urthermore, the recov ered acid may be. 


“ Because the ‘actual volumes | of sludge acid discharged from a large p lant 


J “are & small, it is frequently advisable - to ship acid from several refineries to a 


ae central plant for the reclamation of the acid. This plant may be located where 
there i is the minimal danger. of nuisance. tuned 
_ ‘The Discharge of Oil into Watercourses. — t is probable that the befoul- | 


ing of shore waters and bathing beaches by discharges of oil: ha s given ‘ise 
to as serious complaints : as the discharge of odor into the air. It is beyond 
the province of this paper to discuss this nuisance beyond stating that the dis- 


ff separating tanks, “the effluent from which should not contain 


> amp than 20 parts” per 1 000 000 of ether ‘soluble oil, the discharge of which 
in so great dilution into any considerable body Y of water ‘may be ‘made with 
impunity. Usually the befouling of shore waters and d beaches is is from 
ping and sources other than oil refineries. boninte inet ai 
Although the. principle of odor- control by operation in vacuo is simple, 
‘its: carrying out is a ‘matter requiring care and involving large expense for 
construction, ‘maintenance, and inspection. It is not enough to have a single 
connection with each still or condenser, but each high point must be connected 
the ‘general system through a separate pipe, each pipe provided with 
shut-off valve for use in case of accident. (Figs. 14, 15, and 16. ) | Furthermore, 
monet be of the best to avoid gas leakage. In addition, fre 
“also” 
for. the intercepted products without discharge 


Pa into’ the air. Fig. 15 shews the extensive piping required to exhaust the gases 


a ‘ia Not only must the stills be vented, but the use of open tanks for chemical 
_ treatment : of distillates must be avoided. Fig. 18 shows the method of cover- 


ing tanks. and exhausting» the gases arising from a group of agitators. 
control of the odors: “emanating from the skimming basin is seldom 


attempted. Fortunately these odors are not ‘usually ‘strong except when acci- 
discharges of the lighter distillate happen t to occur. Usually the odors” 


ne are imperceptible beyond the refinery yard. ~The method of guarding against 

* their spreading is to’ construct a high fence about the basin to minimize the 


; 7 Naturally the water in a gas-holder absorbs and gives off “disagreeable 
odors. These may be largely controlled by renewing» the water in the gas- 
= a holder poe by preventing the circulation of the exposed surface water as aie 

as possible. some cases the addition of chemical absorbents has been 


ers Briefly, it may be stated that unless controlled, the odors emanating from mi 
an oil refinery may create a | nuisance. These odors are due. to various vapors 
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and gases emitted during ‘the process of refining, and the method of > 


controlling. and eliminating them i is to collect. them at all possible p points of 


lected, a and ) discharge 1 them, ‘into designed furnaces i in ‘which, with 
or without the aid of other fuel, they will be completely ‘consumed. = ee 


Travelers have reported that ‘in the “Black City” near ‘Baku, in Russia, 


where there are 200 refineries which treat the whole of the > petroleum of the — 


district, the odor of petroleum is s perceptible ata great distance and the town 
is always covered and surrounded | with dense, black smoke. It is obvious that 
this condition ought not to exist in the vicinity of refineries which are near large ~ 


centers of ‘population » in the United States, and they should be controlled by 

proper methods, even though th reir installation may cost 10% as much as the 

total cost of the refinery construction. It is fortunate, on the other hand, that 

the investment in a gas- -collecting s system is compensated i in great part at least by 


the large saving in fuel fine, to the utilization of combustible ER for peating, 


hi Air Tike river and harbor cleaning, is a problem 


ch all communities" 
that wish to 1 a high degree of civilization, wi ith health and happi- 


ness for all, “must. practice. oft fiut wobanosib 
In conclusion, the writer wishes to thank the cilia of the New England © 


Oil Refining ‘Company, and particularly Mr... hulz, General ‘Superin- 

tendent, for permission to publish certain. information, and assistance i in 

preparing the illustrations in this add 
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PROGRESS REPORT dre 


BEARING VALUE or SOILS FOR FOUNDATIONS, 


tio: 


To THe Mempers oF THE American Socrery or ENGINEERS: oq 


cod Your Special Committee “the Physics of Soils in ‘Relation 


to Engineering Structures” respectfully submits this interim report. 
ud October, 1994, the Committee had one general meeting and reported | 


bry 


: progress to the Board of Direction. At this meeting, by invitation, Dr. Carl C. ws 
Zon Caldenius, of Stockholm, Sweden, a member of the Royal Geo-Technical FF , . 


elab« 
Commission of the State Railways of Sweden, investigating landslides and ° 
similar phenomena, explained the work of the Royal Commissions “during part. 
the past f few and results as embodied i in their last report. brief 
“quai 
‘the 
were small and limited activities t to the study 
knowledge of the physics of Ro 
18, | 
miss 
For many years the soil has been as ama mass 3 of erystalloid mineral 

matter, ‘and sand has been used in experiments on the physical properties ad det 


the soil. Int the earlier attempts at mathematical analysis the sand particles 
supposed to be and impenetrable, although this assumption 
was” recognized as merely an approximation. As experimental ‘results an 
- deductions — accumulated it became evident that there was a wide discrepancy 


_ between the properties anticipated and those actually found in natural soils. 
It therefore became | necessary to re-examine the fundamental principles. ¥ 
— The demonstrations by the Dutch investigator, , Van Bemmelen, as to the: 


unsoundness of the old views is now accepted. Further investigations have” 
_ shown that soil is essentially a colloid and that soil absorption is a manifesta- 


The facts observed by Keen in the evaporation of water from soil oe 
explained by regarding as colloidal effects. He found that the relation- 
ships of water to soil differ considerably - from its relationships to sand. ‘The 


; 4 evaporation ¢ of water from sand, silt, etc., proved to be relatively ; simple and > 
7 could be explained by the known laws of evaporation and diffusion; but the — 


evaporation of water from soil could not—it w was more e complex. The difference 

ts, was traced to the soil colloids and disappeared when the soil was ignited and 
ss * Presented to the Annual Meeting, January 21, 1925. Previous Progress Reports of be ™ 
: "Special Committee have been published in Proceedings, Am. Soc. C. EB. (Papers and 1920, a 
Be nt sions), February, 1915, p. 491; March, 1916, p. 343; August, 1917, D. 1171: August, , 
905 ; February, 1921, Pp. 9; March, 1922, p. 523; and October, 1928, 17: 
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ie Other | investigators have found that the quantity of water absorbed by 4 
dry soil from an moist atmosphere, the water- holding capacity, and ‘the resistance _ 
to drainage, are doubtless influenced by soil colloids, hail 
wef ~The study of ‘soil colloids has been disregarded until recent years, but 
now ‘its ‘importancé soil physics is established beyond all doubt. 
The researches presented i in previous reports by the Committee have been 
brought up to date i in Appendix I to this report, by an authoritative contri 
bution. on “Recent Investigations of Soil Colloids”, by Philip Gile, Chief, 
Division of Chemical Investigations, through the courtesy of Professor Milton 
Whitney, Director, ‘Bureau of Soils, United States Department of Agriculture, 


Th an earlier report | (1922)* the Committee to its ‘difficulties in 


sleet i considering the relative merits of methods for the determination of the quantity 
Nhatoal The measurement of the quantity of dye which soil | can absorb wert bee 
es and eaborated by many investigators, quantitative results have not ‘been 
dubia particularly ‘successful. The chief objection to the method as a ‘quantitative oe 
e brief lies in the fact that the absorption of the dye hind of 
before 
ailable 
aneous ; 4 ‘that 


sted. is on in determination of ‘the hygroscopicity. 
jineral For routine work, Mr. a tentative method based | 
ties of the qu uantity of water vapor absorbed. It would prove helpful 


rticles 

aption the “use ¢ of this method. 

tion curve method of ‘Van -Bemmelen. . This method has been used largely to 
a Different” methods ‘not. give altogether concordant nor is it 

to the to be e expected that it is highly improbable that any sharp dividing 


line exists in the soil between the colloids | and the eer xenon ll 
substances are to be colloidal: Properties toa light 


= 


number of 


During the p past ‘year cohesion of ‘soil colloids has been 
gated by Middleton. The results} constitute a helpful addition to knowledge 
the | subject. Similar experiments on other soils are 
Mahe 
* Proceedings, Am. Soc. C. March, 1922, Papers and Discussions, p. 523. 


malt 
= — 
Lor 
BTC." 
if 
"4 
4 
— 
— 
| 
‘festa- : 
ie Physical properties ot colloidal materials isolated from a 
| 
> d 7 ee 
t the — 
| and 
this 
iscus 
— 


BEARING j VALUE OF SOILS [Papen 


_E, a ‘program of 


scientific institutions joint membership 


an appeal A. T. Goldbeck, Assoc, M. Am. Soe. C. Chief of 
; - the Division of Tests, Bureau of Public Roads, U. Ss. ‘Depar tment of Agr icul- 

» has responded with a useful contribution (Appendix II). The law he 


proposes ii is to be tested by field conditions. | In the meantime, discussion is 


ile Sub-Committee on Piling presents a progress report (Appendix 
earnestly of the to forward test data on 


ted? fon 
_ The outline of work for the coming year is a continuation of the study 
cohesion of soils and of piling. 
vast. quantity ‘of data has been ty ‘the “Committee requiring 


voluntary service for classification. Consequently, the Pommitipe requests 

“the Board of Direction to fill the existing vacancies and bring the -member- 
up ‘to the number of seven originally authorized. 


March 6, 1925. sbluow oils, hi Chairman. 


Roser rt A. Cumminas, Chairmc inode daw 


‘ore Warren J. Dovaras, Secretary, ¥ to. 
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RECEN'T INVESTIGATIONS OF SOIL COLLOIDS 


Beeent Compared with’ Barlier ‘Studies ai graph wer 
- eonstructed showing the interest soil scientists have had in the eolloida 
fone), Div. of Chen ical Inves rations, U. 8. Bureau of Soils, Washington, 
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ram of material in soils at different periods, it would 


aks around 


In 1855, colloid chemistry was not yet born, but especial interest was 
being manifested in the inv estigations of Way (20*) and others on base — 


erships exchange in soils. The property ‘whieh: soils have of adsorbing the base from — 
amittee a neutral salt solution and of releasing equivalent quantities of other bases 
ample § was ascribed at that time to the presence of zeolites. It is now recognized that 
aching zeolites very rarely occur in soils and that this property is largely due to the - 
colloidal material. — It is interesting to note that recent studies on base 
exchange, which are: similar in method to. May’s study and certainly no 
more thorough-going than his, are yielding new information about. the soil 
gricul- largely because of the more idea ‘ROW. the substances 
law he § ‘responsible for this phenomenon. ‘shioingib ab 100.0) is 
sala is _ The peak of interest in soil colloi ds about 1880 is due chiefly to studies of 
om ‘blaine (18) and of Hilgard (10) on the mechanical analysis of soils 
“al the behavior of the finest material they isolated. _ The very fine fraction isolated 
pendix ‘Schloesing he called “argile colloidale”. ‘He believed that although only» ‘ 
avery small amount of this ‘Inaterial was ‘present in soils, it was nevertheless 
responsible for most of the plasticity and coherence of the soil. Hilgard agreed 
with Schloesing that the plasticity of soils was due to a rather definite chemical _ a 
substance, “a true clay substance”. These ideas, that. a rather ‘definite 
stance of a colloidal degree of -dispersi ion, , present in small amounts, is largely fl 


Station 1855 ahd 1880 and a rather steep rise _commencing about 1920. 


responsible for properties of “soils and ceramic ‘clays, have been held rather 
‘generally until quite recently. . It is now recognized that the colloidal ategial 
is not of definite composition and that it may form a large part of the whole ! 


ee: The steep rise in the interest shown i in soil colloids at about 1920 is ‘Bi SeA ee 
equests many to be the beginning of a period. which 1 more more attention 
1ember- be devoted to. these elements. 2 In 1921 a ‘symposium was held by the 
"Faraday Society in London on the physico- -chemical problems ‘relating to the = 
In the papers presented at that. time the prominence given to colloid 


quiring 


conceptions is notable. In November, 1924, the American Society of Agronomy 
held a symposium, which dealt specifically with soil and the American 


colloids. “At the Second National on Colloid Chemistry held 
at Northwestern University in June, 1924, several papers were presented deali ing 
With clays. These the writer has not yet seen. Bogue’s recent book “The 
Theory and ; Application of Colloidal Behavior” contains a most interesting — 
7 ees on the Colloid Chemistry of the Soil by Professor Whitney of the U.S. — 
| Bureau of. Soils (3). _ Increased interest in the colloidal material in soils is 
doubtless agcentuated by. ‘the recent rapid | development in “pure 
dis Practically all the early work on soil colloids was conducted with the whole 
soil. The part that the colloidal material played in_the phenomena was then — 
or assumed. There has been a notable tendency in recent inyestiga-— ae 
ions to deal with the colloidal material isolated, from the remainder of the 
soil. This i is particularly true of the work, of the Bureau of Soils, U. S. Depart- 
| Ment of Agriculture. This new method of attack -is yielding more definite 

ind quantitative data than the old. It has been facilitated by the development — 

of high-speed centrifuges for separating the colloidal material from the finer 

10 The Colloidal Fraction in Sotils—Many of those who have 1 worked with die + 
wh hole soil rather than with the isolated colloidal material have defined the 
colloidal material only in ‘a general way. Hissink.(11), for instance, 
: to the colloid as the “clay-humus complex”; others define it as a “mixture of. pe 
or of “jelly-like materials”, . Such deseriptions are regarding 
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ARING VALUE OF SOILS 
the nature of the ns but are not sufficiently. specific for quantitative 
—_ of the colloidal material itself and are not satisfactory to soil engineers. 
_ Some investigators who have isolated colloidal material, have defined it 
chiefly i in terms of the procedure used in extracting it. Possibly this would 
> an adequate description — of the material if the snctlisdle of isolation were 
- Perfect; but it seems to be acknowledged that the isolation of the finest 
_ separate obtained in most systems of mechanical analysis presents difficulties, 
and that variations in the method of analysis, particularly in the procedure 
used for disintegrating aggregates, may produce wide variations in the quanti- f 
ties of the clay or “Schlamm” separate. _ side 
In the investigations of the U. S. Bureau of Soils the colloidal material 
has been defined on the basis of size, all particles in the soil which are less 
rar 1 . than. 1 micron (0.001 mm. ) in diameter being classed as colloidal. This 
Ba definition i is fairly specific and forms a practicable, common basis for different 
a 4 investigations, since the size can be determined at 1 micron by long subsidence 
7 or by microscopic observation. The colloidal material as thus defined would 
be similar to the finest “mechanical separate of European systems of soil 
‘= _ analysis if, in the analytical procedure, all aggregates of particles less than 
1 in ‘diameter were ‘dispersed or disintegrated. Tot 
- © One micron was more or less arbitrarily selected as the dividing line between 
colloidal and non-colloidal soil particles. However, investigations of the U. S$. 
- Bureau of Soils show that the bulk of 1-micron fraction in soils must consist 
of ultimate particles much smaller than this—less than 0.3 micron in diam- 
eter. The properties, both physical (2) and chemical (17), of the colloidal 
m material are quite different from those of discrete mineral particles more than 
- micron in diameter. , Thus, it is apparent that although the selection of + 


arbitrary, nevertheless, when this arbitrary division is followed, the feeulting 

- fraction is at least preponderantly different, physically and chemically, from 
the material just larger than 1 micron. Of course, no matter what diameter 

is selected for demarcation between colloidal and non-colloidal materials there 
_ Taust be some small quantity of material in the colloid fraction which is of 
essentially the same physical and chemical - nature as that of particles just — 
be larger than the critical diameter. The quantity of such material, however, 
should be less Mannie as the limiting diameter is smaller, and or 


ing the total quantity of colloidal material in soils. The possibility of esti- 
- mating the colloidal material from the properties of the soil by what “a 
be called “ratio methods” has been discussed in several papers (1, 9,15). 
ae . The ratio methods are based on two ideas: First, that the colloidal material i ‘a 
- the soil is responsible for practically all of ‘certain . properties of the soil, such 
as adsorption, heat of wetting, and cohesion; and, second, that colloidal mate- s 
rials of different soils possess these properties in varying degrees. - These ideas — 
- geem to have been verified by abundant data. If the adsorptive capacity, for 
instance, of the kind of colloidal material present in a ‘soil is known, the 
colloid ean be calculated f1 from the adsorptive capacity y of the whole soil; thus, oie 


 -togit _ Adsorption per gramme of soil _ x 100 = percentage colloids i in soil. lo 

oalt An important and time-consuming feature of this method is the ieoltoen 

of a sample of the colloidal material present in each sample of soil. = 

- Tt has frequently been suggested in the past that an idea of the comparative 

colloidal contents of ‘soils could be obtained by merely determining certain 

properties, such as the capacity for adsorbing a dye. The data presented by the iF 

U.S. Bureau of Soils, however, show the wide variation in properties 01 of different 
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VALUE OF SOILS 


“soil colloidal materials; hence the necessity of using the ratio. method in this 
Ratio methods were tried on thirty to forty soils, ‘the percentages of colloid. 
_ were estimated by adsorption of malachite green, ‘adsorption of water vapor, * 
and by heat of wetting. As a check on the ratio methods, the colloidal contents 
of some soils were determined by isolating all the colloidal material it was 
possible to extract and then determining undispersed colloidal material in 
the residue microscopically (6). This latter procedure called for the use of 
several hundred liters of water on a single sample of beans and the seve of 
In the case of a few soils the agreement ‘between all methods was very 
satisfactory. The Sharkey soils, for instance, gave 57% of colloid by malachite 
green adsorption, 61% by water adsorption, 59% by ammonia adsorption, — 
59% by heat of wetting, and 60 to 65% by combined isolation and microscopic — ; 
count. | In some cases, however, the agreement was as poor as 18%, 19%, 
and 920% by the three different adsorption ratios, 23% by the heat of wetting 
The source of inaccuracy in the ratio method appears to be in the a 
¥ a extracting a representative sample of the colloidal material without affecting — 
_ its properties. It appears that the ratio method based on adsorption of water 
~ vapor is usually the most accurate and that results obtained by this method 
usually approach the true value closely. This method can doubtless be improved 
_ None of | these methods i is recommended for routine work; they either pee 7 
the accuracy desirable in strictly quantitative work or they are too time- = 
consuming. However, even as at present, they appear more accurate 
than methods suggested heretofore. 
_ For routine work, pending the wectnation of a more accurate method, the 
Uv. S. Bureau of Soils j is estimating the colloidal contents of soils by determin- 
ing the quantity of water vapor adsorbed by a soil over a 3% solution (by _ 


weight) of sulfurie acid. ‘This necessitates the use of a thermostat ‘in 


which the temperature does not fluctuate more than 0.1° cent. It was found 
4 that while the colloidal materials extracted from different soils varied widely 

in their capacities to adsorb water vapor over a 30% solution of sulfuric acid, 
ti differed comparatively little in their capacities to adsorb water from the 

more humid atmosphere ~ offered by a 3% sulfuric acid solution. Hence, | 
t a fair estimation of the quantity of colloid could be obtained by determining ~ 
the quantity of water adsorbed per gramme of soil and then dividing by 0.8, 
Which represents the average water adsorptive capacity of a jorge number of 

different soil colloids over a 3% solution of sulfuric acid (16). 

The quantity of colloidal material in the soil probably varies from a trace . 
-_ almost 100 per cent. Usually, loams contain from 20 to 25% of colloid; coarser 

textured soils contain less; and clays usually contain from 40 to 50%, although . 
th hey may run much higher. A few soils that have been examined appear to 
+ more than 90% ‘colloidal material. _ These figures are not based only on 

_ determinations by ratio methods. From a sample of Houston clay soil ol 
¢ colloidal material was actually isolated. By far the greater pert, of t 


gy isolated material was made up of sub-microscopic particles. Ay} 


The Chemical Composition of Soil Colloids —During the past year (1994), 
«Papers have been published on the of soil colloids by 
_ Bradfield, of the Missouri Experiment Station (5), by Robinson and Holmes, a 
of the U.S. Bureau of Soils ay) )» and by J oseph, of the Welcome Laboratories, 


Bradfield concerned. himself chiefly with the ultimate chemical nature of 
the colloidal material. ‘He found that colloidal materials isolated from several - 
I spares subsoils were quite constant in composition and all more or less acid. 


e way the acidity varied on dilution and the forms of the conductivity and 
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by eurves the to dilute alkali led him to the 
idea that the soil colloidal material is a complex alumino- silicie acid (4). 
This evidence is not. vegarded as conclusive proof as to the nature of the soil 
— eolloidal material, since it has been pointed out that the reactions of the 
‘material can be equally well explained by the idea of adsorption compounds, 
~The work of other investigators would indicate that if an alumino- silicie 
“acid is‘a constituent of the soil colloidal material, other compounds are 

To ‘The work of Robinson and Holmes deals’ variations in the 

: chemical composition of colloids isolated from different soils. Colloidal mate- 
a rials extracted from forty-five soils from different parts of the United: States 
_ were analyzed. Wide variations in chemical composition were found, although 


several different soils yielded colloids that ‘were much alike. — The different 
colloids: varied between 32% and 55% in silica, between 5% and: 17% in iron, 
_ between 16% and 38% in alumina, between 1% and 17% in organic matter, 

and between 2% and N% 3 in the sum of lime, magnesia, soda, and potash. Jf 

colloidal material is described as being the insoluble products resulting 

: = from the weathering of soil ‘minerals. It is, therefore, quite different in J 
4 from the mixtures of primary. soil- -forming minerals present in 

. - most soils. Some correlation was found between the rainfall to which a soil 

a4 is exposed and the chemical composition and color of the colloidal material. 

- Colloids with a high ratio of silica to iron and alumina were more frequently 
light colored, grayish, or blackish, and were obtained more often from soils 
exposed to the lower rainfalls. On the other hand, colloids with a_ low ratio 
of silica to iron and alumina were usually red, yellow, or brownish, and were 
obtained more frequently from soils” exposed to the higher ‘rainfalls. tite 
Joseph analyzed the colloidal materials obtained from seven Nile soils, 
from four ceramic clays, and from two bentonites. He, also, found a wide > 
range in the chemical compositions of the different colloids. . Although he 
gives’ little data on the physical properties of the materials, he suggests that 
the physical properties of the colloids may parallel the silica to alumina ratio. 
Bentonite, which has the ‘property of imparting plasticity to an exaggerated 

degree, shows a silica-alumina ratio of 7, while the colloid from a China clay 
Effect of Salts on the Colloidal -Material—Hissink, of Holland (11), and 

"a Gedroiz, of Russia (7, 8), for some years have been studying the replacement 
of bas¢s that take kes place when soils are treated with neutral salt solutions. 
The reactions are » regarded : as localized in the colloidal material, and there i is 
~ no doubt that such is the case for the most part, although it has not been 
pe i experimentally demonstrated. It has been shown, however, by Anderson and 
others (2) that 95% or more of the adsorption of malachite green by a soil is 
 Jocalized in the colloid, and this is evidently a base exchange reaction also. a 
— Most « of the work on base exchange in ‘soils, which started with a very com- 
plete investigation by Way in 1850 (20), is primarily of interest with respect 
_ to soil fertility. Gedroiz, however, has recently shown that when some of the 
calcium and magnesium in the soil are replaced by sodium, the colloidal 
material is greatly altered (8). _ The alteration is evident in an increased 
“4 swelling of the soil and in a greater deflocculation of the colloidal material — 
. after the excess of soluble salts is removed by leaching. _ Kelley (13) w orking © E 
with California soils has recently confirmed the results of Gedroiz, 
OUD His is quite an important discovery. _ Apparently, it explains the peculiar — 
physical properties assumed by soils which at one time were impregnated with | 
pei sodium chloride and sulphate, but no longer contain large amounts of these 
salts." It is believed to account for the impermeable character of certain soils 
in the arid and semi-arid West, which are locally known as “slick spots” ® 
5 According to experiments of Gedroiz, the enhanced swelling of the soil and 
= — of ” colloidal maaan take place after the excess of soluble salts 
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to ae the colloidal material in a flocculated condition. This would account 
for the poor physical condition produced by irrigating certain alkali soils. = i. 


{ _ Theoretically, the proper treatment for such spots would consist in replacing 


the adsorbed sodium by calcium, iron, or aluminum, since, according to Gedroiz, 

the substitution of these ions for the adsorbed sodium reduces the swelling a 
and dispersion of the colloid. As a matter of fact, Scofield, of the U. Ss. 
Department of Agriculture, has had some “success in improving the perme-— 
ability. of similar soils by treatment with aluminum salts (19). gy arya 7 


| Physical Properties of the Colloidal Material—tThe U. S. Bureau of Soils ai 


is completing a study of the physical properties of colloidal materials isolated a a 
from a number of different soils. Many properties have been determined al 
as average size of particles, swelling, viscosity, electrical charge, heat of 


| - wetting, and the like. The properties of the different colloids vary widely, but 


it appears that most of the various ‘properties are interrelated so that one a 
property parallels another quite closely. A colloid, _ for instance, that shows 


a large change of volume on wetting usually has a high capacity for adsorbing 


ammonia and has a high heat of wetting. (f). 
2 An interesting feature of this investigation is that the physical properties a “a 
of the different colloidal materials correlate fairly well with the chemical com- 
"positions. In some cases the relationship is quantitative. It appears 


"therefore, 2 as though it would be possible to judge the kind of collodial material 


and its general behavior from one or two characteristic properties. — Even the > 

_ color may give a rough indication of what to expect of a given colloid. o.oo 
During the past year (1924) a study on the cohesion of soils has been | 
published by Middleton of the U. S. Bureau of Soils (14). This investigation _ 
touches a little more directly on soil engineering work than most soil research. =. 
_ A number of different soils were tested for cohesion by a standard method, 

i which consisted 1 in making the soils into briquettes under a pressure of 2 000 
per sq. in., drying slowly under controlled conditions, and 

fins - The compressive strength of the different soils varied from 2 to 75 kg. ~ 
gramme of soil. It was found that many factors entered into the strength of 
the soil briquette. Among the more important were the quantity of colloidal F 

7 material, the kind of colloidal material, the size of the non- colloidal grains, and 
the original moisture content of the material. 

__ The last factor, while not the most influential of the four in determining 
the cohesion of a compacted soil, is of interest to engineers inasmuch as it is” 
frequently capable of at least partial control in consolidating soils. It was 

_ found that the moisture content which gave the densest briquette gave the | 

4 briquette. The optimum moisture content for ‘Inaking up the 

a briquette varied from 11% for a fine sandy loam soil to 17. 5% for a’ heavy *: 

clay soil. The optimum moisture content may vary with the pressure applied. a 

_ The great importance of the other factors. in determining the cohesion of — 
-" soil is shown in the following data. The Stockton clay adobe colloid had 
twice the binding power of the Cecil clay loam colloid when mixed with quartz | 

- flour, The cohesion of mixtures increased with the pereentage of colloid to at 
_ Certain point. A mixture of coarse sand and 25% colloid had a breaking 
‘Strength of 3.8 kg. ‘per gramme, while a mixture of silt and the same quantity 

colloid had a breaking strength of 24.6 kg. per gramme. 

Significance of Soil Colloids to Engineers.—It seems quite apparent that 
of the soil colloidal material will throw Tight 
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of colloidal material in a soil does not : appear to. differ 
greatly, as a rule, from the quantity of the old “clay fraction” ’ given by various 
systems of mechanical analysis. It is now evident, however, that, in certain 
the nature of the clay fraction (which is largely. colloidal, material) 
= may be a more important factor in determining how a soil will act than the 
“quantity of this separate. Further studies should. show the kinds of soil 
- eolloidal materials which are most desirable for different. types of work, such 
as earth dams, levees, foundations, and the like. Also, it should be possible 

; to devise the proportions of colloidal material to different. mixtures of non- 
eo _ colloidal soil particles which are best ‘adapted to meet different conditions. 
>. - ‘These detailed relations obviously cannot be determined without a great deal 
‘7 of investigation, but it seems possible. even now to characterize the. different 

colloidal materials ina fairly definite manner. 
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OF ‘SOILS AS INFLUE ‘TI 


BEARING AREA, 


PANT, Assoc. M. Am. Soo. C. 


Whe ‘the past few years a study of the properties of sub- -grade materials ; 
highways has become increasingly important. recognition of this 
- fact the United States Bureau of Public Roads has been attempting to develop — 
-_ tests on sub-grade materials that will be suitable for detecting the differences — 
in their properties which are ‘important from the. standpoint of highways 
| These tests have already been described in detail. + In view of the probable - 
importance of the test for bearing value, special investigations were mad to 


learn something of the variables which affect the bearing value of soils. 


— was early recognized - that the bearing value of soil particularly for the _ ‘ 
rather small deformations permissible under rigid highways must vary oom 
siderably depending on the bearing area to which the load was applied. The — 


- bearing’ area of that part of a road surface which ‘might be considered - 


_ being in active contact with the sub-grade and, therefore, aiding in supporting - bb 
the load, is quite variable depending ona number of conditions, With a motor 
— truck running! along the edge of a pavement no doubt the bearing ‘area is 
- only a few square feet, whereas near the center of the pavement the area : 
; - Supporting the load is considerably greater. When the bearing value test i 
| made in the laboratory it has been the custom to use a bearing area of only 
‘ a few square inches. The question naturally arises as to what is the relation _ 
between these test results. The present discussion deals with tests which have _ 
been made to’ ‘investigate the effect of the area on the bearing value. 
“Description of Experimental Methods.—The materials used in the 
- nvestigations consisted of mixtures of clay soil and Potomac sand sold com- _ 
- faavelalig for use in concrete. Five distinct mixtures were used; the propor 
tions of sand and soil were, respectively, 5 : 1,5 : 3,1:1,1:3,and0: 
‘The materials were moistened and mixed by hand; then placed i in a test bin | 
6 ft. square and tamped in 6-in. layers to a total thickness of 30 in. The sides 


of the bin were constructed of planking, well braced, and the bottom was a | 
eonerete slab. A series of circular bearing blocks ranging in area from 1 sq. 


ment of two Ames dials placed at each extremity of a diameter of the block. | 
Load readings. were obtained by observing deflections of a calibrated resistance 
4 eam. In using: the larger blocks, the smaller blocks were pyramided one — 
above the other in order to eliminate the possibility of appreciable bending 


= readings of load and penetration were made by Obisbewichg: the move- 


* Chf., Div. of Tests, Uz ‘Dept. of Bureau of Public Roads, Washington, 
‘in the Structural ‘of tones the United States of 
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series in area from 1: win: in. to 12 sq. 
in., was also tested. The test bin was emptied after each individual test and 
q the material was loosened, replaced, and retamped. This was repeated a 
é number of times with each area and with the different mixes. The — 

content was determined each day from representative samples taken a 
different depths immediately after the tests. The load was applied at a Avs 
such that approximately 8 min. were required for full loading to a penetration 
7 of 0.1 in. In view of the fact that these tests were made primarily for road 
= 4) sub-grade conditions the penetration of the bearing blocks was not allowed 
to be very great, in no case exceeding 0.1 in. The loads applied were, therefore, 
rather small and the soils behaved in a rather elastic manner as will be seen 
in the load penetration curves, Figs. 1, 2, and 3. . is apparent from these 

three curves that, in general, the smaller the superimposed area, the greater 
is the unit of load required for equal penetrations. © Da. eqn «eee 
From the data obtained curves were plotted for all the mixtures, showing 
a the relation of the area of bearing block and the penetration, based on the 
em Ww. load producing a penetration of 0.1 in. for the 9-sq. ft. bearing block. The 


curves” for all mixtures finally averaged, with results as shown in 
Buy @ The average experimental curve is quite closely approximated by the 
solid line having the equation : -y = 900z?, in which y is the area, in square 
feet, and x the penetration, in inches. | From this relation it is seen that the 
Mt; a penetration of bearing blocks of different areas varies as the square roots of the 
in which, p and P are the penetrations of bearing blocks having ames of 


gif T he conditions under. which these tests were made should be Ban kept — 
jee in which the sub-grade is not confined by the at and bottom of the 
bin. _ Whether or not the relation will hold, it is, nevertheless, certain that 

whenever two different sized bearing areas are used, the larger bearing block | : 
will penetrate | deeper than the smaller for the same intensity of load. The 
= for this i is not = to understand and may be sxplaine + reference 


bored in the floor of a test ae 10 ft. square filled with cteniors damp sand 
a depth of 54 in. The curves show the distribution of pressure at a depth 
a of 54 in. under circular bearing blocks having areas indicated, all the blocks 
: having the same load, 5 000 Ib. per sq. ft. The important point to notice in 
_ these curves is that for a given depth under the blocks the intensity of pressure 
ae the soil varies , depending on the size of the bearing block, the highest 
‘iar se occurring under the block having the greatest area. At "other depths, 


ced similar curves could be plotted. Since the soil acts more or less elastically 


it follows that the higher the pressure the more will the soil be deformed. — 
The penetration of a bearing block into the soil depends on the amount of 
deformation of the layers of soil placed under compression by the load on 
the bearing block. It is quite evident, therefore, that for corresponding in- ? 
tensities of load the large area must sink more than the small area because — 
_ of the higher intensities of pressure and, therefore, the higher deformations 
produced within the supporting soil = 
& Arrangements have been made to continue these tests in a manner which — 
_ will eliminate the confining action of the test bin both horizontally and ver- 
tically. It is thus hoped that data will be obtained to determine to 
extent, if any, the law established in the laboratory might have to be altered — 
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parts: : First, an attempt to li up the utudy: of the distribution of vile loads 
"through soil with the soil mechanics already developed ; second, an improve: 
oe ment in the interpretation and observation of hammer tests while driving; 
: and, third, the study of special pile types and special applications of the pile. 4 
—Pile Mechanics. —Obviously, any development in pile must 
await a prior development in ‘general theory of soil mechanics. ‘Some 
pertinent data, as a result of studies by the Committee and other investi- 
iia are being assembled, and should make it possible to determine with» 
Feagonable, even though qualitative, accuracy, the distribution of the load 
the pile toe, for the various classes of soil. _Literature i is 


acteristic of the grains under load and under vibrations 
particularly, “quickening action of water. These are vital factors ~ 
in determining the capacity of piles in sandy ‘soil and in utilizing the most a 
— eomomical methods of placing the piling. On the whole, there are real reasons — : 
hoping confidently for pr practical developments in the well named ‘pile 


—Hammer Tests: —Pending the development of rational pile mechanics, 

+s the engineer must continue to depend i in a large degree on penetration tests an 
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am . autographic apparatus to register the actual movements of the pile head. ss 
ps The penetration formula is based on the actual penetration, or an average of vas 
- ‘such actual readings under the final blow, or series of blows. The inspector’ seye — ee 
is not quick enough to note the rebound under the last blow, so that it is quite -_ | 
possible that a shorter penetration, thenet movement, is the only reading noted, 
en a higher bearing capacity is rated than is " permissible under ‘the formula. oo 
_ An autographic apparatus would eliminate such errors of observation. The 
introduction of a follower, or the splicing | of a pile, introduce indeterminate 
factors that tend, in part, to vitiate the penetration formula. _ ‘The relation 
_ hammer and pile weights is a controlling factor in driving long > 
wooden or concrete piles. Proper relations betwe en drop and steam hammers 
_ have been evolved by some of the companies and such results should be incor- 
- porated i in modifications of the formula. It may be well to point out that no _ 
- single formula will cover all these factors and it is quite likely that devel- 
28 _ opments in hammer tests will be toward better field observations rather ‘than 


in an improvement in the mathematics. 


8.—The necessity of avoiding very long piles has occasioned the introduc- 


os ‘bn of the lagged pile. The’ placing | of strips on a pile has proved efficient in 
many cases and a decided increase in bearing as well as a decrease in settle- — 
ment has been noted. The subject is a broad one and it should not be a 
difficult matter to conduct an illuminating series of tests on the best methods > a 
lagging and otherwise augmenting the bearing capacity without recomrse 
to increasing the pile length. Both ‘the U.S. Navy Department and the Dock _ 
| ince of the City of New York have done pioneer work in this field: 
Battered piles and piles forming part of trestle bent are subjected to 
5 lateral as well as vertical loadings, and it is quite important to learn the soil 
resistance to other than vertical. loadings, Some researches of Dr. Dorr of 
& Karlsruhe, Germany, as well as those of Professor Moller, may prove useful: 
The Committee ‘would earnestly’ request ‘that ‘all members of the Society 


to 


: to Pot 1} 

toy boo ete ot absolio oval. ste 


ton 


‘ 


af ye lqe of Bs 


ng 


Papers. 
Ade 
¥) 
= 
4 
q 
| 
> 
& 
— 
three 
loads 
rove- 
. 
ing; 
must — 
esti- 
with J 
rich 
nite 
‘ous, an 
har- 
hoth to Tetot oft word od 
— 


2 


WwW. ATERWAY AND RAILWAY EQUIVALENTS 


By M. Brack, M. Am. Soc. O. Et ; fae 


on Jed} tue of Mow 4d To tbe it ot beter 

M. AM. Soo. E. (by letter).§— —In a long membership 


exception to the rele} even though the points discussed are quite different from 


‘It is evident that. the writer _was not “entirely in his endeavor. to 


- formulate a criterion by whale, the economic necessity for a new transport ation 


line should be judged. In the cases cited in the discussions, notably the i im- 
4 ; provement of the River Clyde, and the construction of the Manchester Ship 
Canal and of the Panama Canal, t the benefits” accruing from the completion 


the project resulted directly from the ‘creation of ‘improved. facilities for 
waterway transportation. —=iIt is equally true that pioneer work has been done > 
in opening new lands for settlement, or in enabling National resources of 
Gadber we or minerals to be utilized , by the creation of transportation facilities, > 
by highways, railways, o or waterways; but in all these cases the economic 
: advisability of the works was carefully investigated before | their inception and — 


+24 the costs were weighed as against the expected pecuniary returns. Tr Even the 
old policy of European rulers of building ‘railways: along lines of strategic 
importance from ¢ a military, rather than from a commercial, standpoint was” 
based on a supposed ultimate economy to the respective States. are there 
‘ not examples in the United States | where, in past | years, cntiathidtn: have si suc- 
ceeded in | having large s sums expended for transportation lines of all classes, 


which were not economically justifiable? Have efforts to this end yet ceased? 
discussion | on the relative merits of and railway transporta- 


of ‘natural and required in ‘fie 


not. the question | under consideration. be how the total expense | of the 


_ Movement can be reduced, rather than the question of the ) earnings of this 


or that company? Tf, as the Monongahela River, the use of the 


ss * Discussion on the paper by William M. — M. Am. Soc. C. E., continued from 

Maj.-Gen., U. S. A Cons. — & 
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DISCUSSION AND RAILWAY EQUIVALENTS 


one wre the most necessary products, i is not the required expendi- 
ture of public funds justified? In fact, the writer has been informed by « one 


-_ of the greatest producers of the Pittsburgh 1 District that it t could not have 

fulfilled the. duty imposed on it and have done its allotted share of the work of 

the World “War, had it not been for that improved waterway. 


The transportation system of the nation is by means economically 

perlect. ‘Te raffic does not follow natural lines; the railroad rate schedules are 
pars 

confessedly ‘unscientific and needlessly cumbersome, causing discrimination 


"against, and actual injustice to, Many communities. waterways have been 
_ developed only in parts, ‘and the question of the economic adaptation of the the 


carriers to the waterway channels has been too little studied. The highway _ 


system is new. d The “ common carrier” ” laws have an unequal application. The | ‘ 


vie 
true co-ordination of all the transportation media is yet ; a dream of the future. 


is the belief of the writer that the full economic use of the highways, 
“railways, and waterways can be achieve only when transportation is effect ed 
through duly ‘supervised transportation companies and not, to- day, | by 4" 
competing and more or less hostile, railway companies, auto- “truck « 


and steamboat and barge lines. 
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RICAL CONCRETE 


i 


By H. W. ARRINGTON, M. Am. Soc. on 


M. Soo. ©. (by letter. respect to this 
‘vathishhe paper and to the discussion by Professor Caing concerning the assump- ’ 
tions used in in determining the increase in loading | on the arch in terms of e 


ca ‘crown loading, the writer has compared t two open | spandrel arch ribs with the 
formula, given. These arches have spans of 94 and 100 f ft. “H Th) the case of t the 


a span, it was impracticable to obtain the loading per foot at the springing 7 


line. of the arch, and, therefore, that obtaining at the last column (a point B 


 one- -tenth of the span from tl the springing line) was used, of ealeenehetens with its 
For the other ‘span, of 100 ft, the loading was computed at the springing 


line in the manner outlined by the author. | The comparison has been made 


‘both for dead load only, and for dead load plus one-half the live load. y The 
are as shown in ‘Table 28. As will be seen, the loads as computed by 
* formula differ fn from a the actual loads by 3 a maximum \ of about 16%, being © 


‘TABLE 28.—RE.ATION oF “Acruat AND Arcu Loapines. — 


b ihe hited wh What enthusiasts 
linear foot. of actual, linear foot. of actual. 


> 


Or 


 (Spring- 


9 400 
ingline))| 


Discussion of the paper by Charles S. M. Am. Soc. C. from 
oe + Civ. and Structural Engr. (Warrington & Kromer), ‘San | Francisco, Calif. = 
Received by the Secretary, March 36,2980, 
on § Proceedings, Am. Soc. C. E., March, 1925, Papers and Discussions, 
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TABLE 28. —(Continued. 


Percentage | Actual, per Percentage. 
p of actual. linear foot. | 
j 


ite q 


Actual, per 

linear foot. 


Spring 
ing line 


Both arch ribs have a 


large rise ratio, 30% 300%, oft the for the 100- ft. 


and practically 40% for the 94-ft. arch. F or the latter arch, the co-ordinates _ 


Col 7 


the rib axis differ from those required by Table 6* by only ‘abouit” 0.1 


For the 100- ft. arch the agreement is not 80 close; ‘the. maximum 


The regrets that he could not compute the rib depths ana the stresses 
therein by the formulas Font in the paper, so that a fuller ‘comparison might 


veedings, Am. Soc. C. E., November, 1924, Papers and p. 1369. 
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in storm- -sewer design) will ‘suffice. In forecasting flood run- from larger 


i is quite well established; in larger - drainage areas it is s relatively y small. The — 
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JOD ERISTICS 


K. SHERM M. Soc. . (by letter). which the 


author | has compiled valuable contributions to engineer- 

ing progress in the determination of rates of flood run-off. 
ns 


= In forecasting the -off from relatively small areas ‘the consideratio 
of rainfall, time of flow, and coefficient of imperviousness (such | as ‘is used 


} areas, however, the results of actual observation must govern. Nig tio 


‘cated on analogy with data, “Mr. Jarvis has presented. The 


p question is how ‘to interpret the existing data so as to apply to ‘another — 


Referring to observed run-off data, the four principal v variants in. the rate 


1.—The size of the drainage area; 
2.—The topography : and | surface characteristics 
frequency period for which any particular recorded r run- n-off ap- 


If the recorded run-off is known for a water- shed identical in all four of : 


the foregoing features with the new location, the problem is solved; but this 
‘seldom the case. In order to apply the recorded data to a special case, it 
to know the relative values. of these four principal run- -off 


Saw of Drainage Area —The | effect of this’ factor on the rate of run- -off 
opography and Surface Characteristics —The effect of 1 these factors has 
= established only in a general way. In the light of present information, 7 
results ean be had only by gleaning out and utilizing data ‘based 
0 drainage areas of similar t topography and surface characteristics. rr - 


Flood Frequency. —In a any list of recorded run- -off, this factor is the leas : 
ertain, hence the | apparent wide discrepan bserved run-off from drain- 
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‘DISCUSSION ON FLOW (CHARACTERISTICS 903 


areas almost identical in size, character, and fainfall inten- 


sities. The author i is to be commended in that, where possible, the part of 


‘maximum flow which represents. the average annual flood has been indi-| 


i in his table of flood r records (Table 2 oot 


‘ i While it is true that the flood of 10-year frequency may occur within a 
year or two, there are many ‘eases where it is poor engineering ¢ economy, if 


not impracticable, to build Structures for an ultimate maximum possible 


‘flood. The extent of the . investment in a structure for flood capacity is a 


matter of a comparative balance the cost of insurance and of flood 


«iti is important, therefore, to know the law of variation of ade ee 
not only for co-ordinating flood data ‘a, but also for determining the > proper 7 


frequency to adopt in the design of any particular | structure. |) A on 


Weston E. Fuller, M . Am. Soe. CO. E,, has developed the law of flood 
quencies. + Recently, Mr. § 


similar investigation of ‘flood Mr. Moyer he “developed the ex- 
pression, Q =— (¢ - — de, e, , for the relation between the rate of run- -off and the | 


period of expectancy for such a rate, In the foregoing: 


the magnitude of flow, in “cubic feet per second. 
= the limit to which Q approaches. 


‘The law of as expressed by Fuller to the 


“fom, which is approximately, Q = (0.99 — d) 0.8, is also platted on Fig. 9 for — 


4 curve dashed represents the recorded ‘relation between ‘the 


mount of rainfall and its frequency at Chicago, Ti. The point for the 29-year 


"rainfall frequency has been platted arbitrarily to coincide with the 22-year 
point on the Moyer curve. ri to argiash at notte not vino 


eal Both the Fuller and Moyer curves show the relatively rapid increase in on 


= expected ‘rate of run- -off with slight increase in the ‘frequency periods up 


z 10 or 20 years, the les ser increases from 20 to 40 years, and the slowest, a a 


almost : vd babhe sd any 
straight- line, rate. of in crease after 40 wt + 


The dashed curve indicates what might be expected— the similarity between 
off intensity frequency and rainfall intensity frequency. 


‘Rainfall’ Characteristic —Rainfall is, of course, the prime facto i n flood 
n-off, ‘This factor, however, has the least variant (as between ‘different 


_ roceedings, Am. Soc. C. K., December, 1924, Papers and Discussions, p. 1563._ 
Transactions, Am. Soc. C. E., Vol. LXXVII (1.014) 564. 195% 
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frequency, obser vations at twenty-two stations. 

Bie the United States show a general range within. 2 to 3 in. of in- 
alan: rainfall for. 60 min. and a range within 7 to 9 in. _ of intensity of 
Ls rainfall per hour for a period of 5 min, Meyers* has pointed, out that more 
reliable Tesults can be obtained by consideration of the rainfall 


the writer’s opinion chief value of a rainfall record in relation 
amy observed flood discharge, is its ts aid i in determining t the probable frequency 


period. applicable to the flood in question. od! 
Flood Height vs. this heading, Mr. Jarvist has de 
scribed interesting phenomena regarding | flood. waves and the channel regimen 


of certain streams. The writer has investigated the time of travel of flood 
waves in open channels. t. In many situations a study y of the height and yelocity 
of flood waves ‘on existing channels is of value. in, forecasting flood stages, 


Such investigation can determine how flood waves ‘and velocities may. be 


Grorce G. Howness M. Am. Soo. om E. by letter). |The author 


performed a valuable service by 80 forcefully ealling attention. to “conditions 


too often neglected in the design of many engineering works 3 and 
supplying formulas which may be applied to. all. localities. These formulas, 


however, should be used with discretion so.as to. avoid uneconomical 
b 


7 been Little can be added by the writer except to furnish additional data ‘alle 
be considered. reliable for N ortheastern United: States, he! 
On September 29 to October 1, 1924, inclusive, the Catskill Mountain 


region, in New Wonk State was visited an, unprecedented. rainfall 


Proceedings, Am. See. C. E., December, 1924, Papere and Discussions, 


Received by the Secretar 


: 


|) 
frequency, an led t 
Bw 
Wir 
ali 
a’ 
4 
| 
—= 


Values of 


~ 


DISCUSSION ON FLOOD FLOW “CHARACTERISTICS 


led to flood discharges on the Schoharie and Esopus Creeks lange han any 
theretofore measured. . A flood occurred in October, 1869, on Schoharie Creek, 
which i is known to have exceeded the flood of sini) 30, 1924. ‘At the time 
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pee’ 
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iy, 


3.09" | 


The. storm began. on _ September 29 and ended on October 1. For 
ia Period, 6 AT in. _ represented the average precipitation on the Schohari ie 


shed above Prattsville | varying from 3.63 in. at Prattsville to 13.32 in. > 


if Elka Park). On the “Esopus water-shed above Cold Brook the average precipi- an 
tation for the same period | was 8.63 in., , and varied from 5.35 in. at Highmount — pst 


11.51 in. at Edgewood. The bulk the rain fell 29 and 30, 


a period of 36 hours, 


3 and the of equal ‘painfall for ‘the period. 5 gives 


' 


raphy, 
ay ; oldest inhabitants, and, therefore, it seems safe to assert that the flood of _ ; | aa 
— in more than 100 years. 
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* * ert masonry dam on 2 a stream ‘draining an area on the eastern side of the 


between Palenville and West Saugerties, known as Whittaker’s. 
ile. 


it ‘may ve that if this’ conditiear the, 
discharge at -Prattsville on Schoharie Creek would have been at the r rate of 
i about 177 eu. ft. p per sec. per sq. mile, and if at Cold Brook on Esopus Creek, 
at the rate ¢ of about 184 eu. ft. per sec. per |. mile. 


L. M. “Winsor,* Esq. (by letter). t—T. he author has made a clear and com- 


prehensive ‘statement of this extremely important subject and has presented 


f acts and figures which will be helpful under certain restricted conditions. th 
the discussion which follows one phase of the question will be amplified and 
presented according to a s a somewhat different viewpoint from that of the au author. 
distinetion must be ‘made between the two types of flood which appear 


ng in arid sections, in order to avoid confusion and to obtain a real appreciation 


: of the actual conditions which confront the engineer in designing structures to 


here i is a ‘decided difference between the ‘flood that “comes sad a result It of 


| Sati ‘inde. or excessive spring rain, ae the raging torrent that follows a 


= Irrig. Engr. in Chg. of Co-Operative Irrig. Investigations in Utah "between ‘5. Dept. 
and Utah Experiment Station, Logan, Utah, 


Received by the Secretary, March 21, 1925. if 


‘DISCUSSION ON CHARACTERISTICS Pape 
essential data in ‘reference to the locality an and the storm of September eyel 
t to TABLE 5.—DETAILs oF WATER- AND ReEcorp Storm. BBE of scap 
_ | Srainege | yearly | discharge,| in cubic 
Schoharie Creek. 286 6.47 | 29000 123 00 P. M. Sep ember 30 
By referring to (Fig. 10) it will be noted that the 
e storm ‘centered in the extreme southeastern part of the Schoharie v water- “shed mt 
. ee the northeastern part of the Esopus water- -shed. On the Esopus, however, snr 
oa - the rainfall was considerably greater, as the | storm came from the southeast por 
and the high mountains ‘intervening “between the Esopus and the Schoharie 
Valleys intercepted the moisture-laden winds and caused the higher pr precipita: 


mo mountains, where the maximum precipitation occurred, afforded an opportunity te 
; - estimate closely the maximum discharge of an area of 1.82 sq. miles located Bis 
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exclonie storm in is generally known and. 
termed. a “cloudburst.” _ Furthermore, there is a as much difference in floods 


within | humid and arid: sections as there is in the appearance of the land- 
ape. A flood in ‘a humid country, “merely 1 means the swelling stream 


| _ beyond its normal volume. | In a desert land a flood often means the appear- 


0: of a torrent where water had never been seen before. bun a: p 
rr 


on ‘Spring high water i in arid climates is s characterized by the swelling of a 
“natural or an intermittent stream over a protracted “period. If the flow 


"augmented by melting s snow there is a constant fluctuation between night 
- day, with a constant rise and fall in total volume from day to day, depending 7 

on the he temperature and humidity. Practically every mountain stream carries 
“large quantities of drifting sand and gravel at high water, which cause an a a 
ever shifting stream bed within the limits of canyon walls, or over the entire — Ss 
surface of gravel cones lia alluvial fans built by stream action at the mouth - : A 
of f every canyon. TI condition often makes designing for waterways a most 


intricate problem and one to which run- -off formulas have’ not yet been suc- 
cessfully applied for calculating probable requirements. 
In streams of this type drifting gravel becomes the chief factor i in design- 


ing waterways across highways, railways, and canal systems, or through ee 


and farming lands. _ Where attempts | have been made to confine such a stream — 7 bs 


itheast 
oharie 


to a narrow channel, the result invariably been the building up of this 
of the channel u until it occupies the highest ground i in the district, which ‘makes the : _ 
‘tunity stream. a real menace to adjoining property at flood periods. _ Under such a 
located condition it is impossible to design bridges or culverts of sufficient yagi 7 ad 
As the stream bed is built up the opening across a way or under a can 

is filled until finall there is 1 no head- -room | left. Thus, , as tream of a fi few 

second- feet in size, if it carries drifting sand and gravel, ‘may cause greater 
rate of J he summer flood resulting from a heavy thunder-storm is different in 
Creek, “every detail the spring freshet or high- water flow. sually, the summer 
food reaches its maximum flow immediately. In other words, the very first 
wave is generally the highest. extreme cases t the breast of s such a flood i is 
composed of mud thick that it cannot flow. is forced. along by the 
site hh weight of water | behind it, and Tolls, rather than flows, forward. — ‘This is the 
. d ail type of storm referred to by the author, which swept the west slope of an 1 
pan Wasatch Range on August 18, 1923, from Nephi, Utah, « on the south, o 
appear Brigham City on the north. It struck Nephi at 5:0 5:00 and at 8:00 M. 
ciation reached its northern limit 200 miles away. 
to 4 was not the q quantity of water that caused the terrible destruction, but 
“the manner in which it fell. was such a storm as is frequent in tropical 
sult of countries where probably 1 in OF 14 in. of water falls i in 10 min. In this case, 
ows) however, it fell on soil and mountain steeps unprotected by tropical vegetation 
and d unaccustomed carrying the run- -off such a sudden and severe 
downpour. t. The result was inevitable. The entire upper foot depth of soil 
any areas was washed down into and finally into the main « canyon 
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to the country conglomeration of soil, rubbish, and trees, 
- mhixed with a little water made a a thick mortar which formed a dam i in . front 


of the flood, in places reaching a a height of 50 or 60 ft. This dam was —_ 


forward when the accumulation of water behind it created | sufficient pressure. . 


|The sliding and rolling ‘mass of! earth and débris literally swept the « canyon 
clean of rock and v vegetation, and, when released from the canyon. walls, spread 
: over the valley below, carrying | houses, barns, orchards, livestock, , and | people to 
The author shows (Fig. -4*) a huge bor ulder, 25 ft. high, which was swept 
along for 300 yd. a ‘In another instance, a large, modern. dairy barn filled with 


> 


hay, was carried ‘more ‘than 2 mile and landed in the r main street of Willard, 


a 


* 


rm toil fivera bas bute 
In these floods, following the advance wave. of mud, rubbish, and huge 
"boulders, there came an after-flow of water which. spread the debris to a cer- 
* tain extent; but the actual volume of water was negligible, except, where it” 


ponded behind the advance wall of mud. 

Needless to say such floods 1 have never been measured, nor wil any theory 


f applied hydraulics as | evolved in the laboratory. aid in making an estimate 
as ‘to the type, kind, and s size of” stru icture required to handle them. They 


are calamities which come | ‘once or twice in a Ryo under ms conditions, 


locating highways problem. is ever “before 


alk, engineer who’ is acquainted with the ‘real flood conditions. _ There i is no 


such thing as determining beforehand where or when the next flood will come. 


sled 


. In many instances there is no ‘such thing as a define channel. “Th certain 
eases what appears to be a ridge may be the next flood channel. Close observa- 


tion ‘in desert regions will reveal the fact, usually, | that the ridges ‘at the 
foot of mountain slopes have been made by water. ‘i 
Designing for ‘such emergencies is” a difficult ‘one ‘which cal 


hardly be. accomplished by formulas. It. is recommended, therefore, that 


application: of the author’s deductions be ho to established waterways 


and living streams, rather than to “desert areas which are subject to heavy 


“a 


‘It is also that the’ engineer ‘who is oul ‘with the char- 
acter of floods i in desert lands, give proper weight to the information available 


from natives who are familiar with the territory through which roads or canals 


__* Proceedings, Am. Soc. C. E., December, 1924, ‘Papers and Discussions, p. 1551. tk 
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HYDRO-ELECT RIC POWER AS A BY- PRODUCT OF 
spread AGRICULTURAL STORAGE to 
¥ Guy,t Jun. Soo. ©. E. (By letter). t—This outline, 
bet ‘the problems | ‘usually encountered in hydro- electric developments in the 
on United States, has led. the writer to believe that a short account of a similar a : 
ee project in Australia » may. be of interest to ‘members. This project is situated in 
the State of Victoria, Australia, 1s known as the Sugarloaf- 
ide Scheme, its construction having been authorized by Parliament. 


Government authorities. Sugarloaf Dam, which is now approaching 


completion, is being constructed by. ‘the Irrigation Authority, and is of the — 
rock- fill type with ‘concrete core-wall. The river bed at the dam site is i 


703, and the > present construction comprises the impounding of 
th &! ib 


water to Elevation 893, with a ‘storage capacity of 300 000 acre- -ft., provision 


Victoria, irrigation and electric supply are controlled by independent — q 


certain mis ty ap 
bserva: also being made for an increase in height ‘of full water level to Elevation 875. 
at some future time. Iti is to locate the power station immediately 

for irrigation, and’ it is not proposed to charge any part of its” cost, to the 
electric supply undertaking. It s thus. clear that the E ectric “Supply 

Authorities have no control over the discharge from the storage. The water 
discharged from the dam is_ not ‘passed immediately to. irrigation, but. flows 
j aul own the river for ad distance of about 200 miles to a further regulating oa 
ailable whence it flows by gravity to the land to be irrigated. | There is thus no irriga- 

ar “The irrigation ‘Season in i, ictoria extends in general from Decemb er to 

‘the following x April, and water may possibly be passed during May. me 


‘this r 
period, with the ‘present storage capacity, it is proposed to, maintain, the 


“Irrigation flow at 833 sec- -ft. continuously ; however, the great | distance between - 


Lie 


the dam a and the actual offtake for irrigation is ; important, in ; that it will allow 
of the flow of "water being varied throughout t the day to. follow the power load 


Somewhat, ‘provided’ the average ‘daily ow is 833 sec- After “May, the 


al - igi This discussion (of the paper by Everett N, Bryan, Assoc. M. Am. Soc. C.,E., published» 

oy fe P; alluary, 1925, Proceedings, but not presented at any meeting of the Society) is ’ printed in 

Proceedings in, order. that the views expressed may, be brought before all members. 

Senior Asst. Civ.. Ener., State BHlectricity Comm. of Victoria, Melbourne, Victoria, 


¥Receivea by the Secretary, March 25, 1986. odd 
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of the reservoir will be closed to the reserv 
7 for the following irrigation season and the outlets will remain closed until full 


1 supply level is reached, which will normally occur - about J uly « or August. . From 


then, the of the next irrigation season, the reservoir is 


eid is s thus “obvious that for about three months i in 1 each ‘year no po power wer would 


‘station is s interconnected merry steam } power r stations s of larger capacity it would 
not be feasible to develop : such a plan, unless § some economical means could 
be devised to bridge over this gap each year during the winter months of 
J june, July, and sometimes August, or even later. 
: Investigation disclosed the existence, within a few ‘miles of the 


Dam, of considerably s smaller mountain streams, which could be developed 

; as high-head plants and which reached their maximum flows during the months 
power “was: ‘not available from the Sugarloaf Dam. Conversely, the 


minimum flow of these streams occurs” when power is available from the 


Sugarloaf Power Station, and although this minimum flow is considerably 


less than the proposed capacity of these plants, sufficient storage is obtainable if 


; at the intakes to serve as di dail ly pondage. © It will thus | be possible to regulate 
the minimum ‘daily flow so as to obtain the full output of the plant during 
hours of peak loading. The total installed plant ‘proposed on. these 


‘mountain streams is 22000 b.h.p. auxiliary power, , although relatively 
cheap, - naturally more expensive than that developed at the Sugarloaf Dam, | 
but the combination enables a continuous. supply energy to be 


 Gaugings are available at the Sugarloaf Dam. dating from 1882—an_ 
‘exceptionally long period for Australia—and__ this has enabled | careful 


sideration - to be given to the at of plant to 4 installed, by the preparation 


ig The exact size of the installation is not yet determined, but it will probably 
be about 12 000 b-h. p. _ This capacity may, at first sight, sound excessive when | 


it is considered that the regulated flow of 833° sec-ft. under the maximum 


head y will produce only about 8 500 b.h.p. This i increase is justified, however, 
by the large volume of water whict is spilled from the reservoir during the 
months of August, September, Oeteher, and November, and is all available 


2 : ‘This enables additional k kilowatt- hours to be generated at a total cost ess 

a - than | the actual cost of coal required for the generation of similar power at 8 


i 
_ Another problem encountered in a plant of this nature is the great range — 
of head, under which the turbines are required to operate. At Sugarloa a 
360 


the net head for the present height of dam ‘varies between 60 and 115 ft.; 


a able. Bs ‘After the reservoir is raised to its ultimate stage, the net head will vary 


each year, with the head 


-a turbine with a satisfactory efficiency curve over this range should be 2 obtain- = 


a Be from 60 ft. to 165 ft., and this will probably involve changing the runners twice — 
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By Mrssns. EUGENE E. Hanos, J. A. “Lazar 
Wire, THADDEUS MERRIMAN, Henry GoLpMARK, ‘Byron E. HITE, © 4 
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JAKOBSEN, CHARLES W. ‘Comstock, AND WALTER H. WHEELER. 


EvGENE E. + M. ‘Am. Soo. C. E —In his paper the author 
sented a complete description of the structures of the Sherman Island ‘Develip- : 
ment and several articles in engineering periodicals ‘have given ‘elaborate. 
accounts of the methods of construction. There is little, therefore, to be added. : 
This: discussion will be confined to the design of the coffer- r-dams i in which the — is 
‘main dam was built, and show its correlation with the e general program of con- 
struction and with the flood characteristics of the Hudson River. = | 


_ ‘The magnitude of the project indicated a period of construction extending 


rring 
these over approximately two and one- “half years, allowing two | seasons for the con- 


struction of the main dam. It was decided to construct the dam in two sections , L 
_ beginning with the northern part. As soon as the | spring freshets | of 1921 
receded, the first coffer- dam was to be built adjoining the north shore, leaving ~ a 


| southern unobstructed part of the river bed to carry the flow. 


ary, 1929. thereafter, , and before t the. expected occurrence val 
ation — (1922 spring floods, the sheet- piles of the first coffer were to be pulled and later ae 
‘Te ‘driven after the 1922 freshets had receded, to form the se cond, s southerly, 
bably coffer-dai dam. During ‘this second season of building operations the dam in 
when ‘the second coffer v was to be constructed. and the part built in the first a 
mum 


mur topped off, while ‘the flow of the river was to pass through the openings pro- 


yever, vided for this purpose between the buttresses of the first part o of the a 4 
the The basis of the design, therefore, consisted in fixing the length 

ilable 

ia 

t less within this dam for the iehews of a similar summer flood after the second | 


coffer- dam had been built | to the same height, thus | closing 1 the waterway. pent 


The calculations were based on the available data, consisting of fairly 
range — complete flow records, a a rating « curve for the. dam site, -and a cross- section of 
Dam 


the river. The orifice. formula was used to determine the discharge capacity 


of the ‘sluices in the dam, coaficietite being taken from the results of 
alin- 
discussion (of the paper by H. deB. Parsons, M. Am. Soc. C. E., published in 
vary » is oe a 1925, Proceedings, and presented at the meeting of the Society on March 4, 1925), 
she tee. inted in Proceedings in order that the views expressed may be brought before all mem- — 
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SHERMAN ISLA AND AND POWER- HOUSE [Papers 


"measurements of Dam. The submerged weir 
formula was applied to the open sections and the effect: of back-water was given 
proper consideration, following trial- -and- error method, 1 until a perfect 
balance: was obtained. ‘The crest: of the coffer- dam wai was set at. Elevation 317.5, 
oe _ which i is “about: 22° ft. ‘above the general | level of the river b bed. . In the first 


~ si coffer, a length of about 350 ft., was necessary to permit the construction of 16 


bays ¢ giving the required carrying capacity for the discharge of 36000 cu. ft, 


a per sec., the maximum summer flood on record, with 6 in. of free- board at the 
og UP -stream line of sheet- piles, _ The same carrying ; capacity for the sa same height 


of water level was provided. in the 140-ft. open waterway between the south 
end of the first, coffer and the, south shore of the river, * _ Fig. 20 shows the 


hi HAT WITH 


- discharge capacity of the : openings: in the dam and of the open ‘waterway, for 


different water elevations up stream from the coffer-dams. ‘The sheet-piles 


line, length being duveom, into the river, bed. They gave an 


a excellent water seal and occasioned no difiealiy 4 in keeping, the coffer- dams free 


Hint hon s 309 ~ 


305 
i 


tat 


‘ te 
20000» 25.000 30 000 35000 


to 


was also that with the in the northern part of 


i dam available for flood discharge plus the capacity of the open’ waterway, ‘the 


of the water "above the dam for a 1000 000 sec- ‘ft. would not 


were 45 ‘ft. long along the up-stream line and 85 ft. along the down-stream J 


wate: 
blll 
TOW ¢ 
eleva 
final 
consi 
the d 
early 
weat! 
to th 
diseh 
hicl 


if 
“TY 
uh 
> 
BR 


been 
disck 
— 
— 
— 
ot el 
— 
+ 
— | 
— 
— 
— 
A 
+ 
and 
— ig 
— 4; ad 


Papers, Papers. ON SHERMAN ISLAND DAM AND POWER- -HOUSE (913 


been over. Elevation, 830. This head was to be the ‘maximum to which 
given th 
perfect stream to lend additional weight and to vies The 
3175, | discharge of the 1922 flood reached a maximum of 56 000 sec-f -ft., ‘raising | the 


water behind the dam to Elevation 322. the 


n of 16 The. original | program was carried out to the letter ‘ania that the -amineenae 2 as 
cu. ft, Tow Of in the coher-dam was Nov pull 


| at the clevation s as to an additional cut- -off., ‘The dam was ready ‘for the 
height final closing operation by the end of 1922. This final closing, however, was — ' 
‘ 
» cou considered 1 to be such a delicate operation, me involved, the other structures of = 
yws the fp the development | to such an extent, _that plans were ‘made for its execution as 
yay, for early. as August, 1922, _ These plans were based, on assumptions of expected 
et-pile weather and flow conditions and were flexible enough to be changed to conform 
_stream to the actual conditions prevailing at the time of closure. 21 shows. the 
ave al discharge capacity of the openings in the main dam and i ‘the spillway dam, 
“which provided to control the elevation of the pond during the operation 


ont 


serail 


“20 00025000 80000 35000 if 
bsp a The time of the actual closing was, delayed. on account of the extreme cold — 
oft weather j in J anuary y and. February, 1923; the. first water went over the spill-— 
way dam ¢ on March 29, instead of March, 1, 1923, as originally contemplated. 
A. Soc.’ E.—The speaker has ‘been great y ‘interested 
i 
— ‘this ‘Paper ‘and more especially in that part of it relating to “uplift. wiley 
t of the It appears that the ' author has’ given a large measure of concise, definite, 
way, the and Practical ‘information on’ this interesting subject. ” For some years = 
ce Vice-Pres. and Chf. Engr. , Frederick L. Cranford, Inc., Brooklyn, N. Y. | 


ae 


4 
— 
— 
— 
— 
( 
— 
t 
— 
il: 
ict. 
tm 
q 
— 
— 
a 
— 
— 
“ig 
a 
‘a 
— 


‘DISCUSSION. ON SHERMAN ISLAND DAM AND POWER-HOUSE [ Papers. 
speaker has been interested in this question, often misunderstood, and has A. > 
made, in a small way, some experiments and investigations concerning it and dag i 
its allied subjeet—water pr pressure through soil. believed that the following over 
be pertinent, even though some of it has’ appeared | before in the again 


an apparatus « and method for measuring the: uplift thiough soil, ‘which, briefly whiel 
"described, consisted of a hydraulic chamber connected by copper tubing g with 
ap and gauge. Projecting into this chamber, through hydraulic packing appar 


water, partly filling the chamber, it: was found | that. a gauge pressure of ‘appre the p 
mately 84 lb. was required to “overcome its weight and the small frictional or les 


With the piston plunged into sand carrying an additional head ‘of water probal 


a of 2 or 3 in. it was found that after it had stood for about 2 hours, ‘it required Gr 

approximately two and one-half times the pressure, or nearly 22 Ib. (average), 
to start it, after which the pressure f fell to 83 Ib. as before. ‘This: apparently 


indicated t that the pressure area as only Jo whole | piston area until 

The speaker does not that ‘this was on a paficiontly large A fr 
‘scale to be definitely conclusive in its. results, but he believes it shows 


§ 


loam 
“unquestionably the principle of diminished area of pr pressure through ‘soil. 
It especially interesting, therefore, to note the author’s findings, not 


0 only as to | the varying loss of head due to temperature changes—loss_ of head | pe 
due to the sheet- pile cut- -off—but especially as to the general loss of “pres: 


oe sure due to the diminished area, _ which he estimates at 50% (although in the fi 
of interest of safety making allowance for the full amount). . In all structures ridge 
ae exposed to water pressure and resting on soil, the speaker « estimates that the River, 
theoretical uplift will not 40% ; but, for safety, he uses’ a 
Because a gauge, or a number of gauges, through the silat roof of a struc: g the ce 

‘ia shows full water pressure, ‘many engineers have assumed that there 1 is f full built . 
water pressure over the whole area, Water pressure ¥ will find its way to any there 
orifice an and, if ‘not relieved, nor too distant, nor transmitted by too tortuous Strean 

a way, will show full pressure a on any gauge or number of gauges, although builde 

_ the intervening areas of ‘soil contact ‘may be completely free from | pressure. days, 

‘The speaker recently noted i in the pulling of sheet- piling driven to a follow 

aun ag penetration of more than 30 ft. below the bottom in tidal water and into a a it got 
a) dense soil containing a mixture of blue clay and fine sand, ‘that, in many tion, I 
instances, the’ piling came up with: large lumps of soil adhering to it, pond) 
— of the masses being in excess sof 1 ft. in thickness, with their interiors mo more ba Th 

less dry. This indicates that water which does. not have an outlet, is an at 
from soils somewhat i in “proportion to their densities. All Seven 
at The soil in in question is similar i in te texture to that. underlying 1 the Hudson a8 the 

_ River and is often classed as quicksand, because of its ‘tendency to ‘become Place- 

* “Pressure, Resistance, and Stability of Earth,” Vol. LxXX 


Am. Soc. Cc. E., 
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Papers.) } DISCUSSION on SHERMAN ISLAND DAM AND POWER-HOUSE 
eit anit The fact that structures resting wholly on ‘soil do not have water pre: 

ving over their full area should not be confused with the pressure through soils 
“the against ‘structures 1 resting , on 1 piles or ¢ caissons, , which may be subject to full 
pressure over all areas not in contact with the piles or eaissons. This was 
‘ibed especially noted in the « case of the dry dock at the Brooklyn Navy: Yard, 
‘iefly which is largely supported by wall caissons. me aq 
with ails ‘The value’ of the pile cut-off is in thie paper; but 
cing, apparently. there should be no question as to its necessity. _ ~The im np 
into | water must find an outlet | to and through which | seepage sly occur. 

roxi- the pile cut- off, this seepage might develop slow erosion, eventuating mo more 
or less disastrously, whereas, with the cut- off in place, greatly reduced seepage 
adhe continues, as shown y t e pipe tests; ut erosion cannot occur, and it is. 
vater | probable that in time the seepage may be further reduced or entirely prevented. 
wil A. M. Am. Soc. C. E- a t 
age), ‘essential tightness of hardpan to resist ‘the percolation of water. et “Engineers: 
ently - learned this early ‘in the building of dams. 7 They were taught to to cut a ech 
the stream until they struck the hardpan, to put in a mua. sill, to drive 


the sheet- -pile cut-off on the up- -stream side of mud-sill , and to. erect. 


lange frames and a wooden structure, which ‘could be covered over with sand or 
on the up-stream side. Thus, although they did not know the use of 
material is not hardpan by: any means, 18, being sometimes found at Teast 100 or 

200 ft. in thickness in the rocky bottoms of the 1 river valleys. ‘It has been 

aii bridged o over in a ‘number of dams in New England, notably o on n the Shetucket - 

the River, by the: Scotland Dam built a few years ago, just below it by one 

probably 45 years old at the Village of Baltic, Conn. 
a These dams have rocky foundations on either | aids of the river, but none at 
struc: fF the center, or at least within any ordinary depths. ‘The Sec otland Dam was 

3 full built only a few years ago, ‘steel sheet- piling being used for the ceut- -off ; ‘and — 

© any there. has been no ‘passage of water "eaplbig the cut- -off piling, on the down- 

‘uous stream ‘side, as far as can be observed. At the Baltic Dam, 
hough builders followed the old plan, using wooden sheet-piling, because, in those 
ure. days, steel sheet-piling was unknown. ‘The. consequence was that the water 

n toa followed the cut-<¢ off in the 1 river ‘drift on the u up- -stream side of the piling until a 

into a lt got below it, and passed up on the: down-s stream side , washing ox out the founda- é 
many ‘tion, Tesulting i in a large hole on one side of the dam and the emptyi ing of the | 

more This. was corrected by using a sheet- -piling | that went ft. farther, and 

le, attempt at grouting, which, i in ‘those days, was n not very great “success. 
Seventeen n years ago that second piling ‘went out, | but not in the same place 
[udson ‘ 88 the first, the engineers did what they should have done. in the first 
one place—they | placed a _proper cut- -off along the whole length | of the dam; they _ ee 

= down to about 45 ft. date, that cut-off good service, 

ol. LX? 
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debted to Mr. Parsons for ‘the pre investigations made in connec 
a 4 tion with building a. \.dam « on sand foundations, and for his clear exposition of 


_ the problems involved; also, of course, , to those who had the courage : and faith 


particular interest are the, observations. and data bearing: on uplift 


pressures. The. subject. of beneath dams. has been discussed to the 
o speaker’s knowledge for the past. twenty-five years, and. estimates on its value 
have varied from 100% of the theoretical downward, <lti is, evident that it must 


oe be much less than 100% or a great many existing dams would not now be 
standing. Mr. . Meem, i in his d discussion, refers particularly to his, experiments 
as published in his paper, entitled “Pressure, Resistance and Stability. of 


‘Earth. These | ‘experiments, “Which. are still the only ‘good ones, demonstrate 
' _ that the upward prenvee is in proportion to the voids i in the sand. As he did 


Meem again calls attention ‘to the need further 


ba Iti ‘is surprising pene en have been the only tests, considering their great 
value and the need of conclusive data on this point. For lack of precise in 


_ formation many structures have been extravagantly designed. It would appear 
that by a ‘relatively small expenditure, this problem could be solved. vc] oe 
ee interesting feature of the paper is the information | given on the effect 
of steel sheet-pile cut-offs and on. the variation - in uplift. ‘on a dam between 
winter and summer. T ‘This may be. explained by. the viscosity of water, which 
property is more important than is ordinarily considered. As 8 water becomes 


denser with lower - temperatures, the viscosity necessarily ir increases, thus coun- 
teracting the hydrostatic effect. 0 of the cwater contained within | _the grains. 
‘Water flowing in small spaces acts like a, glue, causing great loss. of head. 

"The true value of uplift i is. of great; importance in the. design of coffer: 


wf it 


as, for instance, 4 where steel sheet- piling is driven i in a river bed of sand, the 


PRS 


material dredged out, and a. concrete blanket placed by tremie, to. allow the 
_ subsequent pumping out of the coffer- -dam. What thickness of. blanket is to 
used ? The full theoretical pressure for a ft. head. would require a blanket 


ae 20 0 ft. ‘thick, whereas a blanket less than 10 ft. thick has been shown 
7 eXxy nts to be al ple. Because of lack of 7 precise data. on ‘this question, 


: by, experiments to be ample 
concrete. is wasted. The excess | of concrete in a single coffer dam woul 
‘pay for the experiments necessary to clarify the whole subject. sei <a 


~ 


'THAppEvs M. Am. Soo. ©. E.—It has been most instructive to 
this paper because it so clearly) deseribes:a work which was done under 
and trying conditions. Certain features” particularly worthy: of 
di scussion. Among them is. the tabulation on page 348,§ which discloses the 
surprising fact that the. greatest known flood. ‘in 1913—within the 

‘< lifetime of a small boy. No record.o! f the’ greatest. unknown flood is presented. 


The only certainty in regard to flood records is that they are all sure to be 


* Pres., Spencer, White and Prentis, Inc.; New York, 
Transactions, Am. Soc. C, E., Vol. LXX (1910), p. 352. 
—s Chf. Engr., “Board of Water Supply, City of New York, New York, N. Y. - a 
March, 1925, Papers and Discussions. 
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of middle age. ‘Nearly day, in or other of this 


all kinds of detailed analysis on meager data as in » the 


4 effort to predict what the future bring forth. _ This 


ata? The cross- ‘section of the dam site (I Fig. ‘oy ie incomplete to the extent of 


§ not showing where the rock lies under the central part of the ‘structure. — 


closure, not only” for the purpose af eaabling a better ‘understanding of all the - 


-eonditions at the site, but also as a contribution toward the general knowledge _ 


of the depth to which Tivers their valleys: before the coming of the 


"glaciers. 


author has to the movement ‘eit the dam both vertically 
‘horizontally. in a dow \- tream direction as the load of the water came on it. 


‘The data presented are and instructive. Buttress No. 6 apparently 
settled vertically 0. 40 in, -notwithstanding the fact ‘that it was founded on 

represent, either shrinkage 0 or compression. of the 


there i is a record. of ‘this depth, the author may well include the figures i in his ere Nf 


and lateral movements as recorded would seem ‘to indicate _ the 
which have taken place, he states that they show in 
either ‘settlement or ‘alignment, and that the dam appears to be > at 1 rest v 


the exception of changes due to temperature. If there are any data 


on the effect of changes due to temperature, the author will perform a most 
valuable s service by presenting them, because ‘the ‘ultimate. life and integrity baa 
of nearly ; all engineering structures are, in great ‘measure, ‘dependent on the 
daily and seasonal mitions which result from ever- recurring "temperature 

‘The profile i in Fig. very clearly ‘the 
the line of the cut-off to the tail- -water, while Fig. 19§ shows 

fluctuation in uplift: “pressure as observed. in different seasons. The author’ 
bys n conclusion. from the data ‘presented is to the effect that an in crease is 

In i the temperature o of the water, having the effect of decreasing the resistance 


v through the sand, not only” increases the velocity, but also decreases — : 


Loe, cit., 
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is in- eoxceeded. The largest known flood is always the one which is displaced from 
— 
im 
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As the temperature of the water rises’ the volume of each sand | grain 
increases and t the volume of the voids is correspondingly ‘decreased. 1 In the 
smaller passages thus formed the static pressures would necessarily r rise, it 
being assumed that the head of water in the. pond remains constant. — “Con- 
versely during the winter season, the voids in the sand are at their maximum. 
The water then flows with more facility and ‘the uplift pressures. decrease. A 
lowered hydraulic gradient, as shown pressure pipes, indieates, thet 


within’ the sand has been eae There is no ) information available as to 


changes in the quality of leakage PUN, summer to winter, but. the speaker | 
is willing to hazard the estimate that the leakage through the sa sand i is greater 


50 
in winter than in summer notwithstanding the greater viscosity of the water 


due to the lower temperature. — The so- -called uplift: pressure is not a direct 


index of the quantity of water which p asses: under the dam. The | 
must be in inverse proportion to the “uplift | pressure. | te 


be 
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piscussroN ow ON DAM AND POWER- HOUSE [Papers. 
of sand on ‘which. is a large dam with of water above 


In filter bed the “upper: surface of sand is’ always free to move 


as fe’ sand | grains change their volume ‘with changes in temperature. tal tio 4 


On Fig. 22 is shown a ‘cross- -section ‘of the Hudson River at the point 
~ _ it is crossed by the Catskill ‘Aqueduct Tunnel. Shortly after the tunnel 
was filled w rith water to the hydraulic gradient, which is 425 ft. above the river 

surface, a series of cracks developed | in the concrete lining of the shaft near 


the point ‘marked B. These cracks were the result of rock movement caused 


by the escape of small quantities of water into ‘the joint planes of the rock. 


> Th this manner pressure was applied over large a areas: and the rock k moved. 


The action was analogous to the well- known use of compressed air for the 


In order to control this 


‘ment, ‘six. diamond drill holes were down around the the 


“surface to a depth of 500 ft., the purpose being to intercept the rock < Seams 
and so to provide. them ¥ with drainage and thus p prevent t the accumulation of 


Pr ressures within» the mass of the ‘rock. Observations have been made on the 
uantity of flow from these holes the the! 
‘present. The ‘Tesults are shown in Fig. 23, 


It is of interest t to » observe (a) that ‘the ‘reduction i in ‘ea total Teakage | has 


been | progressive from year to year; (b) that the tendency has been for “the 
—Teakage to begin a little later and to cease a little earlier each year; and 


especially ( (c) that the leakage i is always greater | ‘i winter than i in ‘summer. ih 
_ The greater r leakage i in winter in this case is due to the same cause which 


acts to reduce the 1 uplift pressures at the Sherman Island Dam during the 


colder ‘months, namely, an increase | in the : size of the channels: through which 
the ¢ escaping water: pass The increase in uplift pressures which accom: 


es. The ina 
nies a rise of temperature cannot be ascribed to a cause which “* 


Wai 


af 
not only increases the velocity, but also. decreases 1 the loss of! head.” 


‘Henry GoupmarK,* Soo. ©. E. In heavy structures, , such as the 
- Sherman Island Dam, of which one part is on rock and the adjacent part on 
_ @ more or less compressible soil, the speaker has found it difficult if not im: 


‘possible to avoid settlement and cracking. He would like to inquire what 


‘Ineans were taken to avoid these difficulties i in the Sherman sland Dam. = 
Byron E. 


the pipes during 1924 are markedly ‘less than those for the corresponding 


period i in 1928. > be more specific, the maximum pressure head v was eduee 


J not as by Fig: 19, namely, that she | pressure heads in in 


bow Engr, Utica Gas & Elec. Cos, Utica, N. Y. foidy, 


Am. Soe. C. E., March, +1925, ‘Papers and Discussions, 372, 
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| DISCUSSION ON SHERMAN ISLAND DAM AND POWER-HOUSE 


from about 18 ft. in 1923 to about 11 ft. in 1924, or roughly 15 per cent. This a et 
indicates that considerable silting be behind the ‘Sherman ‘Island D: Dam and perhaps 
beneath it has already taken place. to od of 


curves presented by Mr. Merriman ‘showing progressive decrease in 


of the condition to bi expected at the Sherman Island Dam ‘There 
is, however, one notable difference, namely, that in the case cited by Mr. Merri- . «9 
‘man the maximum seepage occurred during the cold months, \ while at Sherman 7 


‘Island the minimum occurs ‘during those months. 


tet GQUOTO.G =: tread Ga) 23199 Jae SOU 


7? Unless some unusual condition arises, it seems fair to conclude | that a_ 

progressive decrease in pressure will take place as time goes, on and, if 80, 

this will confirm the thought that after a period of years, v very little, if any, ; 


hydrostatic pressure beneath the dam will be shown by the readings, taken at 
these pipes, a If such Proves to be the case, a knowledge of, the facts will do 
much to justify designing engineers in adopting what now seems a bold design 
a It is hoped that i in his closing discussion, the author will bring the curves - o 
down to. date, including. the latest reliable. observa ations, as this will complete = 


two annual cycles of variations, which, if i in accord with the speaker's assump- 
tion, will, confirm his conclusion. al It also. these 4 


* 


F.J AKOBEEN;* ‘Am. Soo. C. E. letter). +—The multiple-ar arch section 


ad 
of the Sherman Island Dam founded on sand i is ‘decidedly interesting tnt’ the = 
problems encountered seem to_ have 


carefully studied. To have con 4 
structed a gravity dam of equal safety would have increased the cost possibly i 27h a i 


Betersing to Table 2+ the writer does not understand whether the ‘arches 

vere built at the ‘same time as the buttresses, or what provisions, “if any, were 
made to permit a re- adjustment of the various parts of the dam without pro- — 

ducing internal stresses. _ Evidently, | since the measurements of movements ‘of 


the multiple- arch dam were made, the author expected such movement. | ‘. . *] 


Referring to Fig. 11 and sealing the position of the resultant, it appears 


that uplift 1 not taken into account. Also, it would have 


to have had some actual tests as to, whether or not u 


_ It seems to the writer that the solution, by means of a dam 


is very, much. to be preferred to either a gravity type.or a dam, but he 
believes that perhaps some provision. for slight monements, he 


Various parts would have been..desirable. 


Cons. Engr., Care, Flood Control, , Los Angeles, Calif, 


= 
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_ DISCUSSION ON SHERMAN ISLAND DAM AND POWER-HOUSE (Papers. 
 CHaries W. -Comstocx,* Am. Soo. C. (by letter). 4+—The writer 
found Fig. which shows the ‘observed relation between water temperature 


and sub-p: -pressure, e, to be of particular interest. Those who mentioned this point 
in the oral discussion, with one exception, explained the phenomenon by 
m “reference to the known variation, of viscosity of water with temperature, and 
2 dismissed it without further comment. ° At first thought, the same idea occurred 


to the writer, but further forced the rejection of this explana- 


The absolute viscosity of pure water at 0° cent. (32° Fahr.) is 


“dynes per sq. em., and at 20° cent. (68° ‘Fahr. ), it is 0.01006 dynes per ‘Sq. cm. 


= For: a constant head the velocity. ‘of flow through a given capillary tube or net- 


wate’ 

work of capillaries i is inversely as the absolute viscosity. It. would seem, 
_ therefore, that the volume ‘of water flowing ‘under the dam i in winter should be laeeis 
56% of that in summer; but it is not clear how the piezometric head canb % 
Brat except to the extent of the difference in velocity heads. The velocity ‘anes 
of flow i in the sand probably does not exceed 8 or 10 ft. per day, 0 that the iu 1 
effect on the sub-pressure of an any change i in velocity » would not be ‘measurable. i 
the extent that the sub- “pressure is affected by this cause, however, it must be 


+ the reverse of that shown in Fig. 19, the | Pressure being higher in winter when pe 


pelt seems much more probable that the observed variation in sub-pr ressure } is ‘aay 
due to the change of elevation of the tail: water. _ Perhaps, if ‘sub- -pressure e and | Zeb 

a tail-water elevation ‘were plotted together, they would show the same syn few 


chronism as is shown in in Fig. 19. The author states: ‘io 


—opeift “The elevation of the water surface in the pipes varies closely with changes four | 


4 

in elevation of the river surface Just below the dam, while changes in ‘in pond he 

elevation have less relative effect.” 


_ The apparent relation between, sub-pressure and temperature may be only “whet 
Bm ky and | due to the fact that the winter season is. the period of low for so 


> _ The author states that the dialain considered sub- -pressure as acting on the beat 


entire base, although the pressure probably acts on than 50% of the area stress 

‘i art ‘The writer believes that provision for sub- -pressure on ‘the entire base, as midd] 


in this design, is correct—not ultra- “conservative. The view that sand contact nearly 
ean protect: against sub-p -pressure is illusory. Pressure on ‘the under side of a of reg: 
grain in contact, with the structure has the same effect as water pressure the fa 


all the sand grains were equal prisms tear 


andy were alana so as to form a series of prismatic columns extending from -0n gol 
the lower side of the structure to an impermeable rock foundation at any J equab’ 


‘distance below, there ‘might be some: excuse for reducing the area subject to @ sems 
Ts 
upward pressure ; ‘but, with the haphazard arrangement of sand grains of all 
Ps shapes and sizes, approximating much more nearly to a group of packed sp aly | 
* Engr., Dwight P. Robinson & Co., Inc., New York, makin 


t Received by the Secretary, March 12,1925. 
Proceedings, Am. Soc. E., March, 1925, Papers and Discussions, P- 
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pers DISCUSSION ON SHERMAN ISLAND DAM AND POWER-HOUSE 

to ‘prisms: with vertical axes, an imagined protection against upward 


pressure by sand contact is too uncertain for use as an element in design. a 
I olume porosity is not a measure of the area subject to pressure. - For example, a 
consider a mass of ‘equal 1 spheres with the closest possible packing. The porosity 

iso only 26%, but the entire area of the base of a structure resting on such a 
‘mass would be subject to full upward pressure of any fluid filling the ‘pores. 
Iti is true that a structure weighing 3 tons per ‘Sq. ft. cannot rest on geometrical 


J points; bat: it can be supported by an actual area of contact of less than 1 sq. in. ae 


The experiment described by Mr. Mem, i in which he found a greater pres- ak 


sure necessary to raise a) piston surrounded by sand than ‘one immersed in 


water only, i is susceptible of an explanation other than that of reduced area of 7 


contact. Had Mr. ‘made number of with the piston 


various depths in the sand, he might have found the “increased pressure 


deovenbed for by friction of the sand on n the sides of the piston. Further 


experiments with Mr. Meem’s 8 apparatus would be of great in interest. has a ie 
Water- proofing of face of the dam i is of vital importance. ‘The best of 


‘concrete ‘not water- -tight and, lacking a -water- proof face, will become 
saturated. | The « arches Ss are t thin (only 2 ft. thick) and are subject on on the down- 7 
‘stream side to ‘temperatures | below freezing throughout the winter. ‘Thus, the 
absorbed water. will freeze, and the concrete will be subject. to a slow but certain 
and powerful disruptive e effect. writer | knows of one important t multiple- 


PURE 


arch dam in which this action proceeded. to the danger point in the course of. e, 


aie The author ‘says*: “Before the dam was closed, the northern half was given 4 

four coats of | ‘Ferritex’ -water- -proofing.” > Tf this material proves effective he 


provided against the destructive action mentioned. No statement is 
concerning the southern half of the ‘structure. ‘It wonld | be interesting to know 


whether r some 0 other water- proofing was applied to that part or 


a The author makes no reference to calculated stresses in the piers. It wv would | 
‘hin a matter of interest if he would outline his analysis and give the resulting — 


_ stresses, The writer has recently examined an important multiple-arch dam 
Ad aly in n which every pier showed an open crack beginning near the face about the 
ase, a8 middle of its height a and extending approximately perpendicular to the face 
contact nearly to the down-stream ends of the piers. These cracks gave every evidence 


val 
le of a of resulting from excessive tension or shear—perhaps both. In that structure S 
ressure the face of the dam made an angle of about 50° with the horizontal except 


prisms near the top. . ‘The cracks were not due to’ every pier was founded 


g from “on x solid Tock. They were probably not temperature cracks, for the climate is" ie 


at any equable and freezing i is unknown. The conclusion that they are stress 


ject t unescapable. ytted’ burn 4 So oft ‘ot batsal 
The report of the Swiss engineer, Stucky, on the Gleno Dam failure 
spheres revealed by calculation shearing stresses | in n the piers on planes 


Am, Soc. C. E. 1925, Papers and Discussions, p. 354: 
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lated and observed by Stucky corresponded ehisaty to ) the cracks dienial 
The peculiar profile of the piers in the Sherman Island ‘Dam may 
result in stresses radically different from those i in the more usual type, ‘and fae 


this reason the author’ = analysis would ‘be all the more welcome. — tye) a 


H, M. Am. Soo. C.E, (by letter) This paper presents 
description of some interesting hydraulic. and structural engineering work, 


The dam is especially interesting because of the conditions cand 
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believes: that when well designed and constructed ‘they may be regarded 
permanent structures, provided maintenance ‘is hot too flagrantly neglected. 
ie There is sufficient experience ‘with hydraulie structures of reinforced concrete 


to establish this as a fact.’ Iti is ‘the writer’s experience, however, that ‘conerete 


a subjected to the action of ‘water "and frost offers much better: resistance to such 
; action when its fine and coarse aggreg gates, in addition to all the recognized 


L 
‘requirements, ‘are’ materials which ‘themselves will not be disintegrated by 


) 


frost, and have been washed clean of all clay and 


* Designing and Cons. Engr., Minneapolis, Minn. 2 
t Received by the Secretary, March 28,1925. 
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ia In Fig. 4 (a) is shown another typ pe of nists concrete design which 


‘might have been used for the retaining wall section of the Sherman Island 


Dam, and which, the writer believes, would have reduced the concrete yardage 


“required that part of the dam “more than | 25% without ‘sacrificing the 
streng th, stability, or of the structure. | 


face to the spillway the, slab is omitted, | as it is not 
-- required | where rock can be reached for the | foundation, ‘since t the ‘columns can 


be supported on “footings which are ‘designed to take the thrust and are built 
into the rock. _ When n the rock is stratified and flat, it is advisable to tie dpe = 


dam to the outermost t footing. 


a. part of the Sherman Island Dam would require only | about 30% of the material — 


for the gravit dam as built. - Considering the cost per cubic yard of concrete — Ps ‘ 
for the reinforced structure Complete to be approximately 24 times that for the 


gravity type, the net saving in cost for the reinforced ‘design, as compared — 
fil) 
with the gravity type structure, would therefore be between 30 and 35 ‘per cent. 


1a 


If designs similar to those of ‘Fig. 24 had been used for both the retaining © 
wall and spillway sections, the cost. of the whole dam might have been reduced 


as much as 25 per cent. "The possibility of 80 great a reduction i in the first 
cost of a structure would v warr ant consideration of this method in similar cases. 7 
Tt is based on the principle of a flat slab with column supports, 
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fi STRESSES I STEE aati. 


1 old 9 
N. Tatnon, E ScuMITT, Marston, AND 


N. Past- RESIDENT, Soc. C. E.—tThe speaker hesitates 


these remarks, but there is one of the work of the Committee that 


7 y it seems should have consideration. . It has a bearing on the work of the Special 
Committees of the Society. It i is stated i in the report that this s Committee was 
at the request of a member the Society that a committee be 


appointed to report on whether working stresses in “steel buildings should be 
increased. Board of Direction considered that suggestion, ‘but instead 


~ appointed ¢ a . committee that was “instructed to limit its activities at the present 


_ time to the investigation of the properties of commercial structural steel (both — 


“mill and stock material) as bearing on the problem of what ‘stresses: 
should be allowed for building construction.” ad 
The Committee has reported some tests made in 1924 on io 
i fill the requirements of the American Society for Testing Materials, but it has 
not presented data’ showing in a comprehensive way the quality of the material 
goes into buildings. report gives some very general information 
“4 on the stresses and properties of ‘materials, Evidently, the Committee does not . 
=< think that the variation in material that i is to be found is worth consideration. 
Sal The Committee also was instructed to report to the Board of Direction 0 on 
the feasibility of conducting extensive ‘measurements of stress distribution in 


structural work other than in bridges. _ The Committee now reports that a com- ‘ 


mittee should be appointed to conduct such tests. No information on ‘the 
feasibility of this work is given. The speaker i is not ‘yet convinced that tests 


of this s nature would give information worth the ‘cost and the time, e, except 
possibly for some of the details of structural design. they 
. _ The personal feeling of the speaker is that it would have been very much my 


~ better if the instructions to the e Committee had b been followed and the Com- 


mittee had brought information ‘upon 1 which a change i in the value of working 
stresses could be based. if mach Sat 
‘The: speaker feels, as no doubt all do, that tl the matter of working stresses in 
i fon or other materials should be decided upon the recommendation of men — 


Continued from April, 1925, Proceedings, 


ag + Prof. of Municipal and San. Eng., and in Chg. of Theoretical and Applied Mechanics, 
Univ. of Illinois, Urbana, Il, 
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CUSSION ON STRESSES» IN STRUCTUR 


if 
who are in 

who know the of something weong going on in construc- 


tion, and of the heii which might come. He has “great respect for the 
engineering ability and judgment o: of the members of this particular Com- 
_ “mittee; but the report does not present the information asked for. It would | 
appear that the report of the Committee would obtain better standing i in the 

and Architectural ‘Professions, and the Society would be given a 


better standing, if the Committee had followed instructions and had — 


F. E. Scumirr,* M. Am. Soo. E.—When the work which resulted i in 
report submitted was ‘undertaken, the Committee saw a definite task before it. sp 4, 
lt planned its procedure after appraising - this task i in the light of the instruc- 
tions given it by the E Board of Direction. ‘These instructions were very fully 

discussed by the Committee, and were applied by it in the light of the existing | 
situation. It was known that this situation (through a letter from L. aan 


c ‘Rights, M. Am. Soe. C. E.), had been the original incentive for the appoint- 
e ‘ment of the Committee. The situation was believed rd the Committee to be 
g 


d mittee misconceived the scope its to discuss the facts 
conclusions | set forth in the report. — The report was formulated only after very — 


lengthy. discussions i in the Committee, as many fundamental differences of view 


had to be smoothed out and numerous phases of the subject had to be considered — _ 
in detail. ‘Iti is fair to. say that these included all the matters dealt with - 


the Minority Report. 2 The conclusions reached are believed to be conservative 


and sound, and to have a constructive bearing on the present- -day problem 


of stet structural engineering. antiniosih oat 
It is desirable, however, ‘that. these, conclusions should be subjected 


discussion from various points of view. The value of 
tion 3 in practice depends on how well they meet the requirements of the con- 


bla’, 


ditions: arising in structural work, It is hoped, therefore, that they may be 


scrutinized and tested i in light of these conditions. 


ial M. AM. E. —To ‘succeed, Professor Talbot as as 


of general program of ‘research such as had by ‘the 
should be continued i in ‘one man’s hands for a considerable period rather than : 


It took the about six months to ‘get a fairly clear understanding 
of the exact situation as to the work of this Committee. He then came 


=> 

a the conclusion that it was best to leave the exact scope of the work of the Com- wis 
mittee -to the good judgment of its members; and that is still his opinion. — De 
> he first the ‘speaker | had favored an extensive period of research , in which — = 


ie _ the Committee should collect much experimental data before making a definite — 
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recommendation as to stresses. < During the year he modified that conclusion — .. 
for which he accepts full responsibility. : Peet oe 
J. R. Worcesrer,* M. Ax. Soo. C E. .letter).t+— Without desiring to 

C. 
he hypercritical, the writer is forced by a study of this report to the conclusion 4 
that it consists largely - of a labored attempt to justify a decrease in the factor a 
safety” heretofore customarily used in the design of structural steel in 
buildings. No evidence is introduced 1 to show that assumptions: for loading 
a been imereased, or 1 that the ‘strength of the steel now in use is greater than “ 
that of the ‘material commonly employed when the present unit was adopted, 
the 
at 
th: 
‘The Committee frankly that it! ‘was not to a 
of rational calculation” by which it justify increased working stresses, 
but seems to ‘rely upon its belief that in “ ‘numerous instances of faulty per- §& M 
formance * no case of failure or unsatisfactory service is 
to high working stresses”. Just what does this mean? Many failures are go 
known to have occurred, and probably they have been due to over-stress of 
some part. This over- -stress have been ‘caused. by an over-load, by 
“neglect. of vibration”, by “ variation. of the material”, by “uncertainties of 
analysis”, by Smperfections of construction” by ‘secondary stresses”, or by 


“such effects as may arise from’ settlement”. After an accident it is often 


Beare to determine the cause, ‘but the only insurance against failure from 


‘some of these obscure causes. lies | in using a sufficient ‘margin of safety. Who 
- tell how many accidents have been avoided by the use of a 16 000-Ib. unit, 
might have happened if 20% less steel had been used? 


Committee disclaims any” intention to “provide for a “factor of 


sign, bu it it arbitrarily allows a 
factor of 50%. to cover other elements of ignorance, which are to include 


stays 


uncertainties of loading, variation of material, uncertainties of analysis and - 
of construction” and “emergency conditions”. first three of 

_ these elements will b be further considered. 


~ Uncertainty of loading i is something against which no building code, 
when enforced by the most efficient building department, ean fully guard. 


Every : structural engineer must, fing. cases, now and then, of over-loads exceed- 
ng 50%, of the designed load. In many instances over- -loads of 100%, and ‘ 


even much greater, have discovered. Such conditions have been found 


As to the variation of material there i: is no need of of going back of the 1 tests fe 


of steel columns fabricated under ideal, conditions - referred to by the a 


mite to find one which failed 2 at a stress 11% below the limit fixed by “— 
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Fuller, Am. Soe. C. who found by actual ‘measurements an 
average stress of 67% nore than the caloulated: stress, and a variation between 
two edges of a column 8,200: or 122% of the lesser stress. While the 
positive: statement that. “emergency effects: cannot all occur simultaneously” 
mot, generally be true, exception must be taken to the implication that “all 7 


such emergency effects” must occur simultaneously to produce disaster. 


‘possibility of synchronous action of two or more “emergency effects” cannot 
be ignored. A study of many past failures” would ‘probably disclose ‘that, in 


the majority ‘of cases, not more than two. “emergéncy effects” "were e operative 


at the seldom, if ever, more than one, It must also 


“Materials”, , and yet its argument is on use of steel. The 


fact appears to be ignored that there are two specifications of the American 
Society for Testing Mater ials, one for bridges and one for buildings, the former 
open- -hearth, and ‘the latter permitting Bessemer, steel. The claim 


s made that almost no Bessemer steel is now used in structural work, but it is 
no ot excluded from the specification for ‘ ‘steel for buildings.” a: he Committee = 3 


7. ays stress on the uniformity of the product now in use, and substantiates this: 


by quoting tests v which gave. yield points + varying from 32000 to 44 000 (37%), 
“with a small percentage f falling an unnamed amount below 32 000. — This | is not Pa 


very remarkable uniformity. It is also a striking feature of this argument 


that all the tests quoted were of material ordered to a specification which 
_ limited the yield point to not less. than one-h -half the ultimate, and presumably =F 
did. not include a any which failed to meet the specification. 


No reference is made in the report to the effect on structural steel o of cold 
“Working and ‘straightening. i is a subject which | has received considerable 


study i in the past, and which i is now being investigated by the U. S. Bureau of — . 
tandards. It might, at least, be given a place among the components of the 
ay The report would seem to imply that only high grade > designers a and nd erectors | 
; were engaged in the construction of buildings. Unfortunately, the number of 
thos 
eo se deficient in 1] their qualifications for such work emphasizes the necessity for a 
conservative control. N early every city has its small caliber steel erector who. 
will take a any job from a fire’ escape toa three or four- -story, bolted beam and 
column structure. Frequently, he makes his assembly from job lots" of steel, 
the purchase of which the price is the n main consideration. “Cuts up stock” 
is often used and | although this may not imply that the material is ‘sub- 
ard in grade, it surely is no guaranty of quality. 


the concluding “numbered paragraphs of the “Summary and 
a 
‘mended Stresses” st lies the meat of the report. . _ They should have been printed — 


in italics or otherwise been ; given more prominence. _ These paragraphs | con 


a * Bulletin 71, Eng. Experiment Station » Iowa State Coll. ; 
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ON STRESSES IN STRUCTURAL STEEL 


conditions which practically nullify call the previous recommendations, 
they impose requirements which almost 1 never will be fulfilled in building con-— 
struction work. What they state in substance is s that, if the “ned of a factor 
safety can be eliminated, higher stresses may be allowed. ‘It would have’ 
been well to add another paragraph to the effect that ‘ ‘considering the impos- 


sibility of enforcing these conditions, it would be ares to adopt the units 


tp 


ate 


qa nto it is 


= 


— 


we 


~ 


- 


MY 
| 
— ‘the 
‘sta 
twe 
— 
— os 
0 
 § Go 
to 
Be 
= 
ce 
AS 
— 
= 
— 
j 
— 


INFLUENCE OF THE AUTOMOBILE ON REGIONAL 


STEPHEN 


stantly in mind. maintain that ‘the useful and the | beautiful are the 


ades of a pair of both: are equally essential to 


work. Too o often the engineer has : PAE to do with one blade what would 


laid. out 
ars city from the "Boston line to the “Charles ‘River. This 


ai 


Commonwealth Extension has ‘two roadways and a grassed, tree- -shaded, ¢ 


strip reserved for the trolley car lines. wat tho. 
_ When it came to th the planting of the trees, only one blade of the pair of : 


was used, for several miles of that ‘central parking space were planted 
a double row of Rock Maples. These, as they grew up, assumed an 


oval outline, with the result that an “ugly gash ad to. be made in every tree 


Torts LAK 


to permit: the trolley car to pass. The central trolley "section. should have 


planted with elm trees or any others that would naturally arch’ over 
the their mutilation. as The Point to. be ‘emphasized 


L 


ne The writer heartily: agrees with the author in his suggestions as to. a 
‘Balization and helping to ‘promote the establishment of ‘satellite towns. There 
a one suggestion that may be criticized—Mr. Damon recommends having a 
a radius of the property line at street corners of 15 ft. and the radius of the © 


“curve of the eurb line as great as 30 ‘ft, and yet he speaks feclingly of manag- 
ing traffic to help pedestrians. I t 
must go around that 15- ft. turn and cross: the paving where ‘it is narrowest. 
€, He ought not to blunder ahead ‘and. cross in the middle of the curve where he 


23 
would be meeting the traffic at an acute angle. One of the fundamental 


principles of controlling traffic is to arrange it so the streams eross at right’ 


Aw 
Ee angles, A 15- ft. radius for curves a at property ines : and a. 30- ft. radius for the ca 


a curves at the curb line is too generous an allowance. It makes the pedestrian eid 
the business center of Los Angeles, Calif. there are ‘ie north | and : south 


Spring Street, Main Street, Broadway, and -others—crossed at right 


a _* This discussion (of the paper by George A: Damon, Esq., presented at the meeting of 
: € City Planning Division, Pagadena, Calif., June 19, 1924, and published in April, 1925, 
froceedings), is printed in Proceedings in order that the views may ‘be brough 
Archt.-Consultant in City Pla anning, San ‘Francisco, 
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_— to one direction only and ‘ten ‘Street to the other direction ood 
# likewise with Fifth and Sixth Streets: Would not this reduce congestion at 
- the‘ corners about one-half a This is not put forward as the best or a permanent — 

- solution, but as something to be tried as a temporary measure. siete 
ne In Palo Alto, ‘there is now a complicated transportation problem with the 

- two factors of auto busses and trolley « cars, much in evidence in the discus- 

sions. The main line of the Southern Pacific Railroad runs practically north | 
; and south, dividing the town into two main parts—on_ the east side, the village 
‘i with about 7 000 population and on the west side, nearly a mile away, Stanford 
At present, the Peninsula Street Railroad has a double-track line running ; 
west from the station on University Avenue—the main street—for | about } 
mile, where the tracks babel one running south for about 1 mile and another 


Si 


continuing straight « on in raped Avenvie for 1 mile or more. _ From the § 


Mr. r. Damon’s 8 limit for effective t trolley ¢ car ‘service. He pene that for a service | 


of 15 or 20-min. interval, motor busses | are more efficient. On the single- 


track streets, the cars run on 15-min. intervals, Sig 


problem is complicated by the fact that University ‘needs 


paving badly. 1. ‘The Street Railroad Company has refused to pay its share of 7 


a this repaving, taking the ground that it cannot afford it; it has actually gone ' 
4 before the Railroad a and asserted that it would rather give up i its 
franchise than do it. speaker i is ‘informed that a similar state of affairs 


x exists in several other towns. The problem is, would it be better to abolish 
these unprofitable street railways and have auto busses? 


(Lie bed wolurdts 
| The introduction « of this kind of service has a bearing on another factor— 


the grade- -crossing problem. ‘As to ‘this, perhaps the only. feasible proposition 
to raise the railroad tracks 3 or 4 ft. and depress University Avenue enough | 


pass ‘under ther. “Tf the trolley Hines are maintained, there must be a sub- 
va broad enough to accommodate ‘at least three lines of ‘traffic, one for the 


trolley and one each way for other traffic, Tf, however, the trolley is is abolished, 
— would be. need for a width that would accommodate only two mac! of ‘ 


= 


MIG. 


traffic, the auto busses could use these lines as well as other vehicles, 
There is another complication, however, Stanford ‘University, nearly a mile 


om west of the railroad, depends on the railroad for freight accommodations for : 
many kind of supplies, oil, coal, ete. “The University has an agreement with 


Trolley Company and the Railroad convenient bow 


No solution for | the problem has yet been determined, but these details are 


“mentioned to show how complicated such a matter may be even in a ‘small 
3 town and how difficult it is to solve it o on general principles, even ‘such as are 


80 down by Mr. Damon. al 


932. DISCUSSION: THE AUTOMOBILE AND REGIONAL TRANSPORTATION 
angles by east and west streets—Fifth Street, Sixth Street, and others. Until 
q better’ solution ‘can be evolved, the speaker’s suggestion is that the traffic be 
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_IMHOFF TA NKS—REASONS FOR DIFFERENCES 


list odt of 
"gratified by the valuable | ‘discussion. which has been | brought out by the com- > 4 


At 
of the essential conditions affecting the behavior of Imhoff tanks. 


_ ‘Mr. Hammond's: suggestion, “that it would be wise to instruct the ‘operator 


= determine the capacity | of the tanks under his care and o operate them accord- i 
ing” to the capacity found test, is. excellent advice. Usually, however, the 


operator has to tun the tanks according to the load. delivered to the aie, 


and although experience might indicate that the tanks were of. insufficient _ 


capacity, he must operate them under the overload, or by-pass. the sewage. aa 
The by-passing of sewage is, of course, a procedure ‘which cannot. be done in ey 
Mr, theorem that “the tank having: the greatest ratio of ‘depth 


to capacity would give > the most successful performance” seems to be just the 
converse of that indineted by experience. According to his theorem the tanks, ‘en 
Plainfield, N. J. should function more than those at 


‘the 
theorem may 1 more nearly approximate the facts: “The tank having 
greatest ratio of depth to number of cubic! foot 
~ sludge compartment capacity will function the most successfully.” If ‘this 
theorem i is. correct, it should follow that a certain ratio will give e satisfactory : 
for. the several. depths, at least’ within limited’ ranges. The application 
{ of this theorem to tanks 10, 20, and 30 ft. deep, on:the assumption that 40 is. 
the o optimum ratio, gives the results shown i in Table 22. 
The tendency indicated by Table 22 appears to be borne out by experience, Rie 


it should be noted that this theorem means simply that, other condi- 


ay tions being the same, sludge compartment capacity expressed i in persons served ~ 
cubic foot is directly proportional to depth. bie 


November, 498 of the paper by Harrison” Eddy, M. Am. Soc. C. E., from 


Received by the Secretary, 18, 1925. 
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USSION : DIFFERENCES IN BEHAVIOR 0. OF ‘TANKS [Papers. 
be al 
provi 
of ac 
SLUDGE COMPARTMENT Capacrr 
“to number of persons mine 
Persons per cubic foot. | Cubic feet per capita. 

e depth of Imhoff tanks appears to Tittle effect « on tem- avail 
"perature conditions in the digestion compartment, as this temperature follows, } troug 

_ very closely the temperatures | of the sewage delivered to the tanks. © The tem- ~ T 
perature changes which take. place in n the se sedimentation compartment and in ; facto 
sludge. digestion | compartment not. particularly rapid in either. ver 
_ Although the temperatures of the sewage and sludge in a shallow tank would | mari 
“tend to ‘respond “somewhat. more quickly to changes in ‘atmospheric tempera- pons 
ture, ‘the actual temperature change in sewage and sludge. would be relatively 
small and unimportant. is quite likely that daily changes in barometric by 
ia ‘pressure are of more ‘immediate effect on foaming or the rising of gas- lifted J his ¢ 


For the sake of accuracy, ‘it ‘should be stated ‘that free interconnection of © 


digestion compartments has been into. effect in only one of the 


tanks at ‘Schenectady, N. In this one tank ‘the original openings in 
the partition walls were simply extended to the bottom of the tank, the net * 


effect of the changes resulting i in far less ease of intercommunication ‘ghan in. 
the case of the plants at Fitchburg or Rochester, N. -Y. Lime’ has not been 
“used at Schenectady for several years. batwotbat to 


foaming as has oceurred at Fitchburg in the period of ten years 
- since operation of the - plant started has been inconsequential in amount com- 
pared with foaming difficulties in Plainfield or Schenectady. Booqest 


greater ‘proportion of ‘mineral | matter present in the bottom sludge 


oa as drawn than in the suspended solids of the sewage or in the scum is Pee + 
ia plained by Mr. | Skinner* as s being due to the concentration of particles of s 
B ¥ mineral matter in the bottom | of the tank. - Another reason is the actual 
"gasification liquefaction of the organic portion of. ‘the sludge particles 
which, in the older and deeper lying sludge, will have ‘proceeded to a ‘greater i 
extent than in the upper and more recently deposited sludge. 
arrangement of the tanks at Schenectady with eight 
compartments in a line results in tendency for the en nd 
compartments‘ to become overloaded, although unsatisfactory conditions with 
respect to foaming and 1 rising scum have occurred in the central. as well as sin ¥ 


The writer does not feel that. the hopper bottom has s any advantage over, 
the trough | bottom, providing the s ludge draw-off pipes: are equally distant 
from each other in both’ cases. Tu. fact, under some conditions, there may 


as 


\ 


“s * Proceedings, Am, Soc. Cc. E., August, 1924, p. 905. 
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ss of masonry between the apices 7 


appear to be any reason why the volume of such deposit should ‘be’ greater than 
that, the masonry of the hopper bottom. In the absence of considerable 


Hew 
“grit the | space thus occupied may be ‘much less than’ tha t occupied by the 


“masonry. Sludge will flow practically a s well over the deposits as over 


concrete hoppers. 4 - With trough bottoms, sludge draw-off pipes may be placed i 
at shorter. intervals, ‘if desired, than i in the case of hopper bottoms, thus making u 


available space which otherwise would be occupied by deposits in the case of | oa 
troughs or by masonry in the case of hoppers. a 


amt The writer is not sure that tall narrow gas vents are other than a secondary 
factor in the foaming phenomena. Foaming appears to be connected with 
a very rapid formation o of gas, a biological condition which must be ae: pri- 
marily to factors affecting micro- organic activity. Ht It i is conceivable that wher 
‘such rapid formation of gas is produced, the tall vents may result in 


his discussion how the sealing of the slot by the rising sludge will produce a 
‘condition favorable to foaming from the standpoint of air lift. une jee wore 
The | writer is unable to agree | with Mr. ‘Skinner’ s method for computing -. 
“the capacity. of sludge « digestion compartments. While this method takes into 
‘account certain variables it does not give any weight to the effect of depth of _ 


mt. Thus, by: Mr. Skinner’s method, 


rv air lifts, as suggested by Mr. Skinner, although it is not quite clear ial 


tank 10 ft. deep as for one ft. deep. does ‘not seem logical when 
conditions within the sludge compartinent are taken into account. A rational 


method would be to. base the volume on an estimate of the density of sludge 
which appears to vary with the depth of the tank. ake. 
Iti is possible, of course, to ‘compute the capacity of any sludge compart-— 


ment in terms of cubic feet ‘per_ capita, but as a means of computing the 


required capacity the writer does not think it is safe to provide as uniform 


a 4) 

a number of cubic feet ‘per capita in all cases. Such a uniform: all lowance, 

lowever, may — be made where all ‘conditions except tributary population are 

Dr. ‘Tmhoff 8 rule of 19 cu. ft. capacity for sewage from ‘separate sewers 
4 then | 
P cannot be ap} plied equally well to tanks in the South and in the North and 

° compartments receiving 50% and 75%, respectively, of the suspended solids a 


the s sewage. Neither does the writer think that the same 
t capita can be applied to tanks of, say, 15 ft. depth and 30 ft. dep — . 


ot. 


The formula presented by Mr. Skinner takes into account several | of ‘the 


“variables; ‘special allowances for others can be made, or ‘the suggested factor 

of safety can e applied to cover them. In this formula, he has assumed a ae 

 shudge containing 90% of water in the tank and has" allowed 25% reduction | 


the combined ‘effect of concentration and digestion. The density ‘of the 


sludge, as already out, will vary the der pth. Sludge containing 
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DISCUSSION : DIFFERENCES IN. BEHAVIOR ‘OF IMHOFF TANKS ‘[Papers. 


approximately § 85% tad frequently ‘been drawn at Fitchburg; the 
“average digestion during the year approximates 30 per cent. The allowances 
for ‘density of sludge and for the digestion accomplished must be based on 

the design of the tank | (depth being the major controlling factor), on = 


tures, and on the composition of the sewage. 


The aids to Proper functioning y Mr. are ‘excell ent, 


Mr. Downes*, has directed attention to the importance of adequate pro- 


GL 
-. for sludge dewatering facilities. so that the sludge. may | be drawn from 


the tanks as soon as it. is ready. A moment ’s consideration i is. ‘sufficient to 


i arsanigeaig that it it is uneconomical to ) delay the efficient functioning of tanks 


The of the: Jatter 


pet. 


ole a valuable aid in the case of the Plainfield plant, but. similar satisfactory, 
results have not been obtained at Schenectady. to 
ery: should be pointed out that the writer, in computing 1 Tables + and St, 


-was basing his computations on purely arbitrary assumptions and the tables 
"were set 1 up for illustrative purposes only. Asa a matter of fact, deep tanks 
* expected to contain sludge which will reach a density of 15% of the solids 
_ at the bottom. At Plainfield and Schenectady, however, with shallow tanks, 
“itis not to be expected that sludges of such density can be obtained. — a bees 
Mr Downes’ explanation and illustration of the gas action in a the Fitch 
burg and Plainfield tanks is interesting and has much merit. 


ge 
bubbles given off per unit of area, ‘but in ‘the there is a 
mee compression of the gases. Tt is likely that the larger number and greater 


rity 


= 4 expansion of rising gas bubbles i in the io tanks play an important part in 


the: 


until opportunity. has been given for digestion of the sludge. 


renders ‘the particles and the mass of sludge more easily 


by th 
gases crises: toward the surface. 


matter freed from gas sin back. to the bottom the. tank instead of rising 


“to, the surface in the form of floating | scum or foam. Pe TY ee 


The | writer is not sure that Imhoff tanks which require for the breaking 
| «BRS scum in the gas vents more labor than may be necessary at other plants, — 


oF, use of. mechanical are unsatisfactory installations. Tf such 4 
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—_ ] DISCUSSION : DIFFERENCES IN BEHAVIOR OF IMHOFF 1 TANKS 


gin 
accumulation of sludge in quantities estimated to occur in the time interval _ *g 
"required for satisfactory digestion, controlling time being that of the 
winter of low temperature when digestion proceeds at a slow rate. It 

seems desirable to have in addition a vertical distance to give a 


| margin of safety, the so- -called ‘ “neutral zone”, , on which t the sludge accumu- — 


justified, provided the costs are not ent bara gain: an e 
Unquestionably the slot must be placed high to permit: 


Downes" is. correct in his. that, of. solids 
“not sufficient to express the true relation. of solids content to volume of sludge. 
wd - Specific gravity also is ‘required to give the correct. relation. For general oY 


« purposes, however, as far as the sludge lying in the tank is concerned, it. is 
am _ probably within the limits of error to consider that the volume of sludge per 
“pound of dry solids. content varies in inverse proportion. to the percentage of 
solids. baytf It is evident, of course, that the specific gravity of the sludge lying» hi. 
in the tanks must be greater than, L 0 and that ‘the dissolved | gases in the sludge 
2 
natant liquid is released or reduced. gas bubbles reduce the specific 


Bt, i gravity of the sludge to 1. 0 or less and in the latter case. the sludge Tises as 


=, 


ward 3 scum or foam. _ When it comes to > that portion of the pe ay which has become bay 
a well digested and is drawn from. the tanks, or to dewatered sludge lying on 
lids sludge beds, the same relation does not hold true due to the interfering effect Es 
‘of voids resulting from expansion of gases and to the, effect of changes in 


character of the solids comprising the sludge. 


have been experienced at various. other plants. In the design for the new 


e 
The drawing of sludge as early ly in) the year, as inoffensive. sludge: can 
per be obtained is an excellent practice as. emphasized by Mr. Hartwell.* ae 
per of action provides the maximum , space in the digestion compartment 
the summer period of ‘intense activity and gas ‘production, when foam- 
iter 4 ing is most likely to occur. 4 iti wow migd yrohtib 
iter t ort The troubles from oil and grease in Imhoff tanks, referred. to by Mr. C ohn,t 


Sewage treatment works at Akron, Ohio, provision has been made for a grease- 
the : skimming tank preceding the Imhoff tanks for the interception of such grease 


and oil. “Ite does not seem probable tl that variations i in the quantity of ll 
les, . in different s sewages, play. more than a,minor part in the functioning of Imhoff 
his tanks. | The spent mash. from the illicit manufacture of home brew may tend 


“action i is fermentation with the production of carbon. dioxide. With 
excessive production of carbon dioxide,, there: may actually occur, an inhibition 


ted to produce large. amount of scum difficult to handle, in which biological 


ing of the other biological activities which produce, ‘proper. digestion, as indicated 

ing ok, The hy drogen-ion concentration results thu is far, obtain ned at Schenectady — hes 
nts, ‘appear to offer little in the way of explanation for the conditions found to 


there. _ The records show that, as previously pointed dont 
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by the writer, the sludge compartment has approximately the same 


the use of mechanical agitators, by Mr. 


| 


the reduction of the required capacity of sludge digestion | compartments from 


9 


cu. ft. or m more per capita to 0.57 cu. ft., or 1.0 cu. ft. per capita, as at 

| Nevion, Kans., and Enid, Okla., deeiplbtiely. such equipment might well be 

desirable costs for such equipment and its operation do not 


appear to be excessive, although complete data in this’ ‘connection are 


i ‘Under identical conditions the tank that will function properly without 


ee the breaking t up of the scum in the gas : vents by hosing « or other was be 
i laborious methods and without mechanical agitation, is more satisfactory than to No 
tank which requires this excessive labor or mechanical devices. by town. 
ae design proper functioning can be secured © this should be done. Bae was g 


Ao is interesting that the rise of the sludge in the plant at Broken Bow neerir 


_ Okla., occurred at approximately the same season in the spring as the semi- and A 
4 wes annual overturn in water reservoirs. In both cases, changes in specific gravity Frate 
in the top and bottom layers are responsible. In the case of water reservoirs J Fe 

change in specific gravity is directly to ‘differences in temperature Engit 


between the bottom and top layers, whereas in the case of Imhoff tanks the the L 


action: of the temperature is to stimulate biological activity and the production 7 i ‘Prine 
gas, thereby producing sludge of specific gravity less than that of water. water 
Dr. Imhoff’s diagram (Fig. 14)+. comparing the ev volution of ¢ gas from sludge paven 


i I. oy a Essen, Germany, i in 1924, with that at Worcester, Mass., in 1902. , Shows com- 
American data substantiate Dr. Imhoff’s statement ‘to the effect that. the 
the sludge digestion compartment of Imhoff tanks follow 
of the sewage. There are, however, no American data, as far as. the 


ty 


_ writer k knows, to show the temperature ‘ot sludge i in separate digestion tanks. = 


yy 


The difference between temperature in separate _ sludge digestion tanks and 
in Imhoff tanks depends on climatic conditions and tank construction. The 


severing of separate sludge digestion tanks would tend ‘toward as high tem-— 


in separate digestion tanks as in Imhoff tanks. "There is no justifea- 


haves a much lower temperature than Imhoff tanks. i 
The cover and gas-trap for th 


for the vents of two-story | tanks as used by Dr. 
in Germany are of much interest. is not quite clear how the gases 


cia g ean escape through the cracks of the ‘wood and at the same time persist below x 
the: cover to such an extent as to prevent the sludge rising to the under side of 
¥ wooden cover. It would appear possible for grease and sludge particles 
to clog the cracks in the wooden cover and to seal the vent ‘completely, 

Dr. Imhof’s suggestion for constructing separate sludge digestion. tanks to” 
provide additional digestion capacity at those installations of Imhoff 

where experience has shown such capacity t o be inadequate, points the way 
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Memoirs. ] OF CHARLES EDWIN COLLINS 

MEMOTRS OF DECEASED MEMBERS 

Nore. —Memoirs will be in the of Transactions. information 

wia will amplify the records as here printed, or Correct any errors, should be forwarded to 

the Secretary prior to the final publication. T 


CHARLES EDWIN COLLINS, M. Am. Soe. C. E.* 


Charles’ Edwin. Collins, ‘the of Michael and Mary (Cushing) Collins, 
as born in Roxbury, Vt, on February 23, 1867. In 1870 his parents moved . 


to Northfield, and he prepared in ‘the public schools of. that 


‘town, In 1886, he enter at Northfield, from which he — 
was graduated i in 1890 with the degree of Bachelor of Science in Civil Engi- | 
neering. “tee While at Norwich, he was Corporal, Sergeant, and First Lieutenant 
and Adjutant in the Corps of Cadets, and a member of the Alpha Sigma Pi 
He received the degree of Civil Engineer i in 1892. 

_ Following his graduation, 1890 to 1892, Mr. Collins” Assistant 
Engineer to. the late James B. Francis, Past- President, Am. Soc. C. E., for = = 
the Locks and Canal Company at. Lowell, Mass., | from 1892 to 1 1895, = 
Principal Assistant Engineer for Pittsfield, -Mass., in charge of 


water mains, of constructing reservoirs, surface drainage, sewers, a street 


‘pavements, and of surveys. — ‘From April to August, 1895, he ad as — 
of Party on the construction of a sanitary sewerage system for Malden, Mass., 
and from 1895 1 to 1896, as Assistant Engineer i in charge of the construction of 


Payson Park Reservoit for the City" of Cambridge, Mass. In May, 1896, he 


was appointed City Engineer and ‘Superintendent. of -Water- Works at St. 
“Albans, Vt., which position he r retained | until March, 1897, when he was 
as ‘Assistant Engineer on the construction of overhead bridges on 
the Boston and Albany Railroad. In July, 1897, Mr. Collins became Assistant : 


Engineer for the late Frank L ‘Fuller, M. Am. Soe. C. E., Consulting Engi- ; 


“ner, of Boston, Mass., on the construction of ‘Sewers and water- works. Ih 
October, 1898, he the employ of William F. Shunk as Assistant 
5 ‘neer in charge of surveys and the location of a railroad between Guayaquil 
and | Quito, Ecuador, ‘where che remained until May, 1899, at which | time he 
— Was appointed esitenit Engineer with the late W. C. Johnson, M. Am. Soc. | 
C. E., on the preparation of plans for a 10 500 h.p., hydro- a power plant — 
at Niagara Falls, N. Y. ot From May, 1900, to May, 1901, Mr. Collins was _ 
engaged with Alexander Potter, Assoc. M. Am. Soc. C. E., as Engineer 
charge of the construction of sewerage and water- works | systems, and from — 
- May, 1901, to July, 1903, as a member of Collins Brothers, Consulting Engi-_ 
neers, Philadelphia, ‘Pa. During this time he designed and supervised the 
& construction of of several water and sewerage systems, power plants, ete. au aol se 
: From July, 1903, ‘to his death on January 8, 1925, at Athens, W. Va., on 
Collins was “actively engaged a: as a Consulting Engineer, sanitary and 
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OF JOSEPH HOFMAN [Memoirs 
sewerage systems and. sewage, disposal plants at Lake Placid, ‘Dolge- 
Mille, Granville, “Malone, ‘and T iconderoga, N. Bedford, Pottstown, 2 and 

Danville, ‘Shelbyville, 1 Mt. Sterling, and Winchester, Ky.; 
Morristown, and and Weston , W. Va: 3 as well as water- ‘ments 
4, works at Milton, Del., and Br idgeton, The reinforced concrete reser- Toled 
at Bridgeton, when.completed, was the Aargest of its kind i lin the United 
States m Mr. Collins had also constructed water supply and pumping» plants the re 
Lake Placid and Ticonderoga, N. and. at Versailles, and electric 1915, 


light and power plants at Malone, Chateaugay, and Schaghticoke, N mittee 


= 


For, five years, he had also_ served, as Consulting Engineer for State 
Board of Control for West ‘Virginia. Hofm 


4 Mr. Collins was a member of the, Chestnut Street Baptist Church, Phila- at To 
_ delphia, Pa., and of DeWitt. Clinton Lodge, A. F. and A. M. of Northfield, Vt. He 
a was also. a member of the Engineers Society of Pennsylvania. ORS — of Ex 
He was married on October 8, 1901, ‘to Mabel May Tuggey, ‘of Pittsfield, Comn 


4 Mass. who, with two sisters, Dr. Emma Collins and Dr. Alice L..Collins, Brth, 


Philadelphia, and two brothers, J J, Henry Collins, of ‘Lowell, 1 Mass, 


Counc 
John L. Collins, of New York, N, Y,, ‘survives him. 
Collins was, elected an Associate Member of the American Society of Engir 


Engineers on March 2, 1904, and a Member on September 13, 1913. 


Jose h Hofman was born i in Detroit, Mich, on Aj pril 28, 1869. mavens Boon 
Pp ae 
‘moved to Toledo, Ohio, in 1870, where his father, Samuel Hofman, became 
a member of the firm of f Black and Hofman, later known, as ‘J The Alexander . receiv 


_.. Joseph Hofman received his education in the public schools and High | know 
- Schools of Toledo. His. fi first engineering work was as a Rodman and Drafts: matic 
man i in 1 ‘the County Surveyor’s Office i in 1884. He ‘continued in this capacity Polyti 


November, 1886, he joined the Engineering of the 


nh Ind 1890, Hofman to. the or’s Office as Assistant, 


1892. 1893, when was only 93 years of age, he was 


elected County. Surveyor, and served until 


From. 1898 until 1900, Mr. Hofman was “Assistant City” Engineer» of Vern 

Toledo, in ‘charge of street paving. , During 1901 and 1902, he worked on posit} 
Various surveys, including those ‘for, the proposed water supply system | for Ways, 
Toledo, and for the proposed. cross-town railroad connecting the W abash and 


Wheeling and Lake Erie Railroads ‘through Toledo, He served as Assistant 


City Engineer until, 1905, “when he was re-elected Surveyor, ser 
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MEMOIR OF HORACE LOOMI 
ite 


Hofman was “engaged, until his ‘death, in ‘brivate 
fort 


engineering work. He specialized in city and suburban surveys and dev Sop! ; 


ments, and platted of ine of the of 
et One of his 1 many important accomplishments was that of bringing ‘about — 


the ‘Te- -establishment of the Ohio and Michigan State ‘Line; ‘this was done in 


mittee of the Toledo Society of Engineers. Dio 16 


Mr. Hofman was unmarried. ‘He is’ ‘survived by a ‘brother, Mr oA. L. 


‘Hofman, and a ‘sister, Mrs. Ella Freeland, both of Toledo. “His death oveurred 7 
at Toledo on Ap ril 8, 1994. olf yor Dip 


was a Past- Provident of the Toledo’ 


of 
*) 


Com las, B'nai 
Br'th, ‘aiid ‘Collingwood Grafton M. Acklin 


ait | 
Mr. Hofman wad ‘elected! é a Member of the American Society of Civil: 
dy HORACE LOOMIS, M. Am, Soe. C. od Is: isnt foot 
ha Maron 8, 1995. tot il doilw at 


Horace Loomis was’ born in Binghamton, N. iY, pon “Daly. 14, 1840. 
received his early education in private schools and Binghamton Academy. In 
1860, he was graduated from the State Normal School at Albany, N. WW. (now 


known as Teachers’ College), and served for two years. Tator i in Mathe- 
matics in the Albany Academy. . He was graduated i in 1865 from Rensselaer — 


Polytechnic: Institute, Troy, N. the degree of Civil Engineer. 
ledo, 


, devoting most 
of that time to 7 this’ ‘period, ‘he served as an Assistant 
‘Engineer with the Lehigh Valley Railroad Company, the Lehigh Coal and 


- Navigation Company, the Erie Railroad Com any, and several other ora 


P 


went to Mount Vernon, N. Y., in 1869 as Chief Engineer 


: Commission appointed to » improve the old White Plains Road between Mount 
Vernon and ‘White Plains, N. Y., and several contributory roads. In this re 


Position he supervised the extension and rebuildin f many stree — 
1875, Mr. Loomis. the employ of ‘the 
Assistant Engineer | 


City, of 
istant Engine the Department of Water Supply, ‘and among other 

alle things made surveys for the New Aqueduct from Croton ae to New York. BoE 

aba He also made a survey of the Housatonic River for an additional antes wie ee. 

= did similar work i in connection with the Bronx acorn, 


— 
— 
Ky.5 
ater- 
eser- 
: 
hila- 
vila- 
‘ve 
field, 
“ths 
llins, 
[ass., 
— 
Ay — 
rents 
= 
High 
-afts- 
tant 
i 
| 


[ Memoirs. 


Memoirs 


In 1880, he wae Chief Engineer of Sewers of New York City and, with | Ing 
the exception of a_ brief tenure of the office of Commissioner of Street Clean- road O 


> POLE 


_ ing in 1890, , served in 2 that capacity until 1914, when he was placed on the mein 


. Loomis found time notwithstanding his engrossing professional engage- ff Railroa 

ments to participate actively in civic and business affairs. He was Presi-- dmber 


dent of the old Village of West Mount Vernon for two years, , just ‘previous to Fro: 
‘its consolidation with Mount Vernon. He ‘served for two years as Trustee of Church 


% the Village of Mount Vernon, as teal Auditor, and was elected Excise Com- railroa 


missioner, but did not serve his term. He was President for eleven years of heatioa 


_ the Peoples Bank of Mount Vernon, , which v was later - incorporated as the First Sih 


ational Bank of Mount Vernon. “He also’ ‘served for more than a year as 
He was a member of the “Municipal Engineers of New York, the Engi- miles 
a Club of New York, the Alumni Association of the State College of Wellsv 


_ Teachers, the Alumni Association of Rensselaer Polytechnic Institute, and hg March, 


Men’s 3 Club o: of Trinity Protestant F Episcopal Church of Mount Vernon. Toront 
It seems almost unnecessary, in view of the above record, to call attention — Termir 


“hd to the fact that notwithstanding his noteworthy professional achievements and Mr. 
- technical ability, he had those rare broad and sterling human qualities which Design 


made him a factor in the political, business and : social activities of the city” 


in which he lived for more than half a century. mating 
Mr. Loomis is survived 1 by two sons, Horace Benjamin Loomis, of New | 
York, and Romeo F. C. Loomis, of Mountainberg, Ark.; ‘and four daughters, that h 
a Miss Harriet J. Loomis, of Mount Vernon; ; Mrs, Anne V. Stubbings, of | in 1908 
Bernardsville, N. J.; Mrs. Mary Alice ‘Sellars, of Kaycee, W. yo. ; and Mrs. Fro 
Emma L. Bishop, of Garden City, Long Island; a - and by en sisters, ‘Miss | of the 
- Eleanor Loomis, of Binghamton, N. Y., and Mrs. George W. Robinson, ¢ of Compe 
Loomis was elected a Member of the American Society. of Civil Engi- nectin; 
“neers 0 on November 5, 1879, and served as a Director of the Society from “es He we 
1912 and as Vice-President in 1912. shows art anti odie railroa 
BERTRAND CL AFFORD ‘Assoc. M. Am. Soc. Cc. E.* 


in fie} 


Clifford ‘Martin, ‘the son mber 18, 18 ‘and Estelle G. 


days, Mr. Martin was a fine athlete and for two years was a pitcher on oe + 


River 
‘University, baseball team. 


Divi 


_ * Memoir compiled from information on file at the Headquarters of the Society 
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“MEMOIR OF ‘BERTRAND CLIFFORD MARTIN 

In September, 1901, he joined the staff of Bangor and Rail 


road Company, : as Levelman o on the : survey of the Fish River Railroad. He 


remained with this Company until 1903, serving at different times as Transit- 
man and in charge of seven miles of railroad construction 


Memoirs. 3.) 


Railroad at Van Buren, Me., prey included the construction of | an 800-ft. 
timber trestle on a pile foundation. ido a tot 
fi From Ju une, 1903, until November, 1906, he was 3 employed by W estinghouse, 
Church, Kerr, and Company, of ew York, Y,, first ai as 


location and construction ‘of ‘foundations for steel of ‘the high- tension 
line on the electrification of the Long Island Railroad. Wd it tiers. 
bs On the completion of the project in J uly, 1905, Mr. Martin was sent to Ohio | baron J 
where he was employed on railroad work, in charge of a party, locating twenty ve 
‘miles of the double-track interurban electric line between Vanport, Pa., and Ee 
Wellsville, Ohio. He returned to the New York Office of the Company in 

March, 1906, and drew plans of track layouts for the railroad terminal at > Var 
Toronto, Ont., Canada, ‘and checked ‘the track layout for the 

Mr. Martin accepted the position of Assistant. Engineer i in the the 
Designing Engineer. with the New York Central and Hudson River anil ee 
Company, November, 1906, where he was engaged in designing and esti- 
mating the cost of track work, "passenger r and freight yard layouts, ‘masonry, _ 
water tanks, structures, etc. He displayed such marked ability in this position " 
that he was placed in charge of the Resident Office, at Watertown, Nie 
in 1909, afterward being transferred to Utica, N. Y., ina similar capacity. rm, 
a From 1913 to 1916, Mr. Martin was Engineer in charge of the four-tracking _ 
rr the Hudson Division of the New York Central Jogi Hudson River Railroad a 7 
Company, with headquarters at Poughkeepsie, N. CY, and from 1916 to 1920, - 
he handled the preliminary s surveys, location, etc., on - the Hudson River Con-— a 
necting Railroad, leaving ‘the work in excellent condition for construction. 
He was also in’ charge of the Mohawk and St. L Lawrence Divisions of that us 


of the where was ‘placed of a re-valuation of the rail- 
Toad properties, On the completion of this work, he returned to his position as a 
Resident Engineer on the Hudson River Connecting Railroad with head- 
quarters at the Divisional Office at Albany, Bue ale 2 on 


Owing to his familiarity with construction details, and following a lapse 
2 field activities, he was placed i in charge of roadway completion reports, con- bay, ny 4 
-tinning in this position until the authorization of the construction of the 

Hudson River Connecting Railroad in 1922. Martin was then 
Resident Engineer i in charge of the Castleton ‘Bridge, spanning eee ‘ 

iver and ¢; carrying the Hudson River Connecting Railroad into Selkirk Yard, 

ing uding connections with the Boston and Albany Railroad an nd the. : 


eet th the » New York Central Ra Railroad, and held tl 
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Mr. Martin - was competent. and faithful in his work and always gave of 


his best to his employers by whom he was held in high esteem. He was of a 
< a” cheerful disposition, _ interested | chiefly i in outdoor sports, his home, and his work, 
He was a Mason, a Member of the American Railway Engineering - Associa- 
% Bi. tion, and of the Columbia County. Country Club, where he ents Stent 
4 in golf and tennis. | He was also a member of the Dutch ‘Reformed Church. | 
ree Mr. Martin was elected an 1 Associate Member of the American Society 4 


Jacob ‘Stephen Spiker, the son of John and Jane Spiker, was born in Clay 
a County, Illinois, on June 5, 1861. He received his early ‘education in the 
te of Clay County. After. teaching for two. years, he entered 
incennes University from which he was graduated in 1887. 


leaving the University, elected County Surveyor” of Knox 
County, Indiana, and filled this. office for - three years, resigning to pursue 
further studies. _ Accordingly he entered Purdue University and 1 took a 
special course in civil engineering, ‘which he completed in 1893. a 
 Retming to Vincennes, Ind., Mr. Spiker opened an. office and engaged 
in private practice. He was also appointed Engineer of Bridges and Roads for 
it at 1897, he was elected City Engineer of Mt. Carmel, Ill., and designed and 
it constructed street paving, sewers, and water-works. In the following year he 
_ was ‘made Chief Engineer of Gills and ‘Shaker Prairie Levee Districts In 
Sullivan. : and Knox Counties, Indiana, involving the design and construction 


of about 80 miles of levee work along the Wabash River. 


' From: 1905, until 1916, Mr. Spiker was engaged in the general practice of 


- engineering in Southern Illinois and. Indiana and Southeastern Missouri. 
In 1916, he was appointed Chief Engineer of the Brevoort Levee System, in 
_ charge of its design and construction. He was ‘also engaged as Engineer in the 


a nie of ‘the Patoka River i in Pike and Gibson Counties, Indiana. 


and as Chief of the Little. Black. 


trict in Southeastern Missouri. a He also. took a prominent part in in construe 


tom work in Kentucky where he contracted his last sickness. Surviving him 
are his wife and one some) soto alten") jo erated > | 


Mr. Spiker was elected a Member of the American Society of Civil Engi 


neers on February, 4, 1914. He a member of of the Western 


prepared A. C. Spiker, M. Am. Soc. C. E., and Noble Spiker, Bea. 
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: 2 Bt of his death which occurred on June 8, 1924, as a result of pneumonia that 
7 3 - bat - developed after a short illness. He is survived by his wife, Adelaide W. 
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Tollinger, was born in Lancaster County, Pennsylvania, on ‘September 


4] 
EDWARD | ‘CHANDLER TOLLINGER, Am, Soe. 


Edward Chandler Tollinger, ‘son of George Washington’ and Margaret 


1844. He received his education in the schools of Lancaster County 


attended the Pennsylvania State Normal at Pa. He served 
‘ia the Union anny during the (Civil War. 


Tollinger was adlively engaged in the of civil Sot 


From 1869 to 1873, he was with the Chicago and Alton Railroad Com- 


“pany, serving from une, 1869, to July, 1870, as Rodman and Instrumentman, 


and from 1870 to 1873, as s Assistant Engineer i in genera ‘al charge of ‘construction 
on 65 miles. of line in Illinois and 102 miles i in ‘Missouri. 


ie _ During : 1873 and 1 1874, he constructed 5 miles of levee, on the Mississippi 
River. (Sny Island Levee‘in Missouri). ‘From July, 1875, to August, 1876, he 


was Assistant E Engineer and - Masonry “Inspector on the St. Louis, Keokuk and fe 


= 


Northern Railroad, and from 1877 to 1880,. Superintendent of “Construction 
‘and Assistant ‘Engineer on the Muscle Shoals lock and dam construction o on 
the Tennessee River, where he completed - Locks Nos. 3 and 4 and started = 
“ail Mr. Tollinger. held the position of General Manager and 
for the Keokuk, Hydraulic Mining. Company, at Keokuk, Iowa, from 1881 
1883, and such constructed a reservoir, _flumes, approximately 14. miles 
of ditch, and other work ¢ connected with the project. While thus employed, he _ 
Ss served during the winter season in. the Third Mississippi - River _Com-— 
mission District on channel work and revetment, construction. goer 
In 1884, ‘Mr, Tollinger accepted ‘permanent employment ‘Missis- 


River, Commission as Assistant Engineer, and 1884 1886, was 


~ 


‘Engineer in charge of levee construction in 
Louisiana (Upper Tensas Levee District), idtiw tiovissst 
. From 1886 ‘until his death, he was actively in charge of levee construction Re 
maintenance in the Third ‘Mississippi River. Commission District, -cover- 
Ing one or both. of the Levee. Districts comprising 426 miles of levee in 


| 


‘sisippi, Arkansas and Louisana. 
3 Although. eligible for retirement, Mr. Tollinger, hy recommendation of the | 
Various District Engineers the members of the ‘Mississippi River Come, 
mission, was retained in. active service, and, “until the beginning of his last 
‘illness, was - relied on for expert administration and advice in the layout and 


conduct of all levee work performed by the Government in the Third District. — A 


te services were particularly: ‘waluable. during times of flood emergency; he be 
Was as always, resourceful and never gave up the fight. To his credit more than 
any other is ascribed. the successful maintenance of the levee lines 


Todd, M. Am, Soe, 
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MEMOIR | OF “GEORGE ‘CHANDLER WHIPPLE {Memoirs 
i ‘Tollinger ¥ was very feall’s with all his associates and acquaintances, broug 


- he leaves a host t of | friends, not only i in the ) territory in in which he served ses 


and lived from day to day, but throughout the whole > country. ‘He was was also well ea” 
and many will miss his kindly and genial personality. He was most and 


generous with his means and always could be relied on to help the deserving, "°°" 


s _ but his , modesty prevented many of his kindly acts from being - generally known. classi 


Tollinger i is survived by three brothers, Tollinger and Tollinger 
Delavan, Ill, and George Tollinger, of Pennsylvania, and by two sisters, 


Mrs. S. J - Elliott and Mrs. Leonard W. Lee, both of Oxford, Pa. i? a 


He was a member of the American Society of ‘Military Engineers, the sanita 


Nat ational Geographic Society, and the Benevolent. and Protective Order | of Hazer 
Elks. He was 8 also a grail, of and Elder i in 1 the Presbyterian Church. gies the fi 


on mber of the American Society of Civil Sanits 


GEORGE WHIPPLE, M. Am. Soe. C. E | 


; eta The profession of Sanitary Engineering lost one of its. most brilliant the fol 

. nee in the death of Professor Whipple on November 27, 1924. Although a sym 

he was thoroughly trained for his life’s work, like | many others, was dis 


on = tinguished particularly for his powers of concentration, his unswerving - devo- a brea 


tion to his. chosen profession, and the variety and extent of ‘his accomplish: ‘ to all 


aR George Chandler Whipple was born at New Boston, N. H, on March 3 
“1866. ‘He was s graduated from the Massachusetts Institute of Téslinology in 

+1889, - In his Senior year at the Institute, he was a pupil of Professor W. T. 
‘Sedgwick from whom he received some of the inspiration for sanitary study 


and research which characterized his subsequent career. At that time, a force 


-trai en a dis 
reservoir within» the city, limits, to ascertain the reasons for on 


of the bad tastes in the water supplies of Boston, Mass. Mr. Whipple was roy yg 
one the Principal Assistants in this work. wis employed in micro- 


seopical and other investigations and soon showed the results: of his fine 


trai ining. He developed an 1 originality for designing apparatus to aid in the 


work and a f. ty for perseverance in his researches which required little 


alg was at this time that he invented ti many ‘aipediedlahelate in the methods of 


examining» samples from different sources of supply and at 
ara different depths. This work led finally to the Publication of his masterly tg 
book ‘on “The Microscopy of Drinking Water” which went through several 


— and was re-written and enlarged from time to time. 

remarkable book is perhaps one of the best among the monuments 

BP remain to his memory. It | gives an idea of the care and skill which be ieate 
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MEMOIR OF WILLIAM STUART BABCOCK 
brought to bear on the many problems submitted to him for solution. wo dis- 


cusses methods of collection of for microscopical examinations ; 
organisms found in lakes and reservoirs | and their effects on odors, tastes, ete. ; 5 


aors, 
and covers questions connected with different: methods of. construction = 


reservoirs and their influence on the quality of supplies. a In addition to this 
classical work, Professor Whipple published other books | on such “matters as 


“The Value of ‘Pure “Water” and “Typhoid Fever—Its Transmis- 
sion, an reven ion Di Lids sania hen 


Ina comparatively s short time, he rose to an important position among the 


sanitarians of the United States and became associated i in business with A 


Hazen, M. Am. Soe. C. also a leading sanitary engineer in New York, N. 
the firm “name Hazen and Whinels,, being distinguished in practice of 


— ‘In 1911, , Professor Whipple was honored by Harvard University, where a 
‘lat of Sanitary Engineering was created for him and he became Gordon 
MeKey Professor of Sanitary "Engineering there and at ‘the 


In 1917, there appeared a ‘summary of the public health 


Massachusetts in three volumes, the: result of his indefatigable zeal. 


Professor E. A Winslow, himself a distinguished | sanitarian, has added 
the the following brief summary of Professor Whipple’ life work, which expresses 


as nathetic a recitation of his ‘He writes: 


- “Whipple conferred upon the discussion of the most technical problem 
abreadth of vision and a background « of culture which gave a unique quality 
to all that he did. ‘The untim ely end o of his life is a heavy blow to us all; but — 
it was a life rich in useful service and full of the inner serenity and the out- 
ward helpfulness of a soul at peace with itself and in key with universal _ 


He was ‘married to Rayner, of Chelsea, ‘Mase. , in 1893, and soon 
thereafter chose Cambridge as his permanent. residence. of olyal 


_ Professor Whipple was elected an Associate Member of the American So- 


‘ciety of Civil Engineers on September 6, 1899, and a “Member « on October 6, . 


WILLIAM STUART ‘BABCOCK, Assoc. M. Am. Soe.C.E.* 


William: Stuart Babcock, son of Charles B. and Amelia (Hopkins) 
Babeock, was ‘Evansville, 1 Ind., on December 10, 1862 He ‘received 
his technical education at the Massachusetts Institute of Technology where 5 en <3 
he specialized in Architecture and from which he was. graduated ir in 1883. oo. 2 
re From 1883 to 1884, Mr. Babcock was associated. with Reid Brothers, “Rrehi: save 
tects, at Evansville, and i in 1884 and 1885 he was employed in the office of the — 


_ * Memoir compiled from material on file at the Headquarters of the Society, 
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In: 1886, he the of the New York, New Hartford 


Company, in charge of the design and of 
stations, shops, roundhouses, offices, and freight houses 


From 1 1886 u ntil 1904, ¥ when he resigned his position with the ‘Rai Iroad | 
Company, Mr. Babcock designed passenger stations, engine freight houses 
_in various cities and towns in Massachusetts, Rhode Island, Connecticut, and 


New York. He also made changes in the Company's Pier 19 ‘at New York, 
Y., and designed icing plant at Poquonock, Conn, 


7 Wd 1904, he entered the service of the Barrett Company, of New York, as 


> it 


Water- Proofing Engineer, which position he retained until 1923, 
_ when b he removed to Los Angeles, ‘Calif. Being i in ill health, however, he was | 
unable to engage in business. He died at his new y home on July 17, 1924. 

_ Mr. Babcock was pareve at ‘Huntington, N. Y., on October 26, 1907, to 


- Tose ‘Knapp Kane, who died in 1915. ‘Two sons, Stuart Kane and Frederick 


American Society for Testing | Materials, the J 


3 


oe He was a member of the 
_ Engineers Club, the Technology Club, ‘and the Railroad Club of New Yo ork, 


1 He was also a member of the Protestant ‘Episcopal Church and, in politics, 
2 


Mr. Babeock elected | an Associate Member of the Society 


de @EORGE ALLEN KYLE, Assoc. M. Am. Soe. C. man 


Allen Kyle, the son of Z. D. and Comfort O. Kyle, was born at 
-Tobasco, near Cincinnati, Ohio, 21, 1857. 


4 


ts Mr. Kyle began his professional career in July, 1876, and. from ‘that time 
until 1895, was engaged in| railroad work, as follows: With the Cincinnati 
~ and Eastern Railway Company, as Chainman and Instrumentman on surveys 
ad and construction ; ; the Chicago, Belleville, Cascade and Western Railroad 
Company, as Levelman on surveys and the Milwaukee 
and St. Paul Railway Company, as Instrumentman on the Sabyla Bridge, 


over the Mississippi River, between Savanna, m., and Sabula, owa, | Transit 

: man on surveys s, and Resident Engineer in charge o of the construction of two 
i -mile sections of the road; the Cincinnati and Eastern Railway Company, | 


as Locating and Resident Engineer o1 on the construction of 201 mile | 


n “Pacific. ‘Railroad, Compan 


“a 


man ; the Paul ‘Railroad Company, Resident 

‘Engineer in charge, 0 ‘of. 5 miles | of the road; the Dakota, Duluth, Watertom 

a and Pacific | Railroad ‘Company as ‘Locating Engineer ; the Chicago, St. Paul 


and Kansas City Railroad Company. as Locating Engineer in pel ob 
miles of that line; the Union Pacific Railroad Company, as Locating - Engine 


by R. F. — Esq., San Calif, 
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in Wyoming, Nevada, and the Northern Pacific Railroad 
tford Company, ‘as Locating Engineer, Resident Engineer, and Assistant Engineer _ 
ce of in charge. of the construction of part of the Grays Harbor Branch i in Wash- 
lroad In 1895, Kyle went to South Africa with Mr. John R, Stephens, as 
ouses Engineer in in charge of tunnels on the Simmer and J ack Gold Mining Properties _ 
, and J in the Transyaal. He remained in this position until the Jamieson Raid — | 
York, (in which he ‘took, part) when he forced. to leave the country. He then 
ei returned to the United States and to the employ of the Northern Pacific Rail- a : 
rk, as way Company. 1897, he held the ‘position of Assistant Engineer i in charge 
1923, of the construction of the Belmont. Branch in. ‘Manitoba, Canada, and, in . 
e was 1898, was in charge of surveys in Southeastern ‘Washington, Fr rom December, 7 4 ie 
1898, to Deéember, 1900, he ‘had charge of ‘surveys: and the construction of 
07, to the Palmer Cut- Off, an important main- line change near Seattle, Wash. .. and 7 ul : 
derick shortly afterward was ‘made Division Engineer tho. Western, Division, 
the At this time the Grand Trunk Railway yes, started with ‘Mr. 
York Stephens . as Chief Engineer and My. Kyle went with that Company as Prin- aq 
was cipal Assistant Engineer. He remained ; in this position until 1904 when 
tl the agitation a against the employment of American engineers on work financed — — Fy ; 
society ff by the Canadian Government poe him to resign n and he returned to the United | = fe a 
States. He was employed on special work for the Northern Pacific Railway 
“_— Company for a few months and then went to 0 Alaska as Chief Engineer for 
the Alaska Central Railway. “Surveys were made from Seward to Painbanks, va 
: rr r and about 40 miles of line from. Seward to Anchorage was built and is now 
a part of f the Government Railway. Government interference and the failure 
i of a Canadian bank' largely interested. in financing this. project. forced the 
orn at J stoppage of all work, and, Mx. Kyle. returned to Seattle where he was ‘made 
Assistant Chief Engineer of the western part of the Puget Sound Extension 
at time | of Be Chicago, Milwaukee and St. Paul Reilway. He remained i in this position — 
cinnati @ until the completion of t 
surveys 
ailroad | ‘Was afterward Mr. Kule became Vie ice- Gan. 1 
waukee ¢ral Manager of the Oregon Trunk Railway a and the. Oregon Electric Rail- 
Bridge, ways, which positions he held. d until 1911. when he r resigned ‘to enter private 
Transit practice in ‘Portland, Ore. ‘dloodve n ai 
of In 1916 Mr, Kyle went to China as. Chief. Engineer of the Chinese Gov- 
ympaly, -emment Railways in charge of the Siems- Carey Projects. Surveys were | made Ne 
10 miles from the -Yangste River south to; the South China Sea, ‘approximately. 1000 
pany 8% miles, and from ed Sori 
ympany; 
rument: 
Resident 
St. ‘Pail Projects ‘and Mr. Kyle. return 


Am, Soe. _C. E., on a proposed railway ix in Brazil. 


1920, and until 1922, he. was: connected with the late Kendrick, 


> 
= 
1% 
2, 
hee, ve 
ve 
ye ol * 
FC 


MEMOIR OF ALONZO C1 CHURCH LEE 
. n November 17 7, 1924, he was engaged as a ‘Consulting Engineer in private— *'° 
on the Pacific Coast with an office in San Francisco, Calif. His 
> home in Berkeley, Calif. » and all his effects were destroyed i in the fire of 1993, § bis. 
. Mr. Kyle’s love for outdoors fitted him admirably for the positions he held hp 
during his life. ‘He had unusual | ability as a mathematician and was | aif 


- gessed of a keen mind, and was without doubt one of the best Tailway location 
: and» construction engineers” of his time. This estimate has been confirmed 


Pe by. E. J. Pearson, M. Am. Soc. C. E. , who writes as follows: arya “ig 
7 

“He was eet of the ability, in a remarkable degree, yi visualize the 
S relationship of these features, remotely distant, controlling the development 
_ of supported grades of unusual length; to associate with each other, within 
s F immensely large areas, the opportunities and the restrictions incidental to the 
ae topography over an extended range; and through this natural ability, Mr. 
success as a Locating Engineer, was marked. His appreciation of his 
Ss associates was deep and keen; his loyalty to them unquestioned; and his own 


abilities were always supplemented by effective 


er: Tune 18, : 1893, he was married to Mildred Corbin, of St. Louis, Mo, 
‘who, with two sons, Marion and Hugh, and one daughter, May, survives him. 


- male Mr. Kyle was elected an Associate Member of the American Society of 


Civil Engineers February 2, 1892. | 


ALONZO CHURCH LEE, Assoc. M. Am. Soc. CE* 


eee iGhusch: Lee, the son of Alonzo Church and Sallie Whitmore Lee, 
was born in Columbus, Miss., on July 16 , 1888. On | his mother’s side, Mr. 
alee was of English- Virginia ancestry, related to the Epes family ‘and to 


Thomas Jefferson. - On his father’s side he was descended from the South 
Carolina branch of the Lee family, his father being a double cousin of Gen. 


rc D. Lee. One of his paternal great- grandfathers, Dr » Alonzo Church, | 

_was a noted educator of the South, who for thirty years was ‘President of the B Ca 
University of Georgia. | f Mr. Lee was proud of his ancestry and felt that in | 191 
2 he had a heritage which was at once an obligation and an inspiration. 3 tw 

SiR Church Lee, as he was called. by all who knew him well, , received his early dis 
education in the public schools of Mississippi. ¥ Later, he attended Mississippi the 

. College, a preparatory school at Clinton, | Miss. . He studied for two years at off 

- Tulane University, New Orleans, La., and after four years of work at the 2 


; = of Mississippi, received in 1911 from that institution the degree 
i of B. E. in C. E. Five years | later, on the presentation of a thesis on “Muscle 
“Shoals”, his Alma Mater bestowed on him the degree of | 
Lee’s first experience in engineering work v was ‘during 1907+ -0g—the 
year that elapsed be between his leaving Tulane and entering Mississippi Uni- 
i y. This year was divided between inspection of lock and dam construc: 


tion on Ouachita’ River under the United States Engineer Department and 


ak 4 general o office and field work under the City Engineer of Jackson, Miss. There- 


= Memoir prepared W. 8S. Assoc. M. Am. Soc. E. 
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after, he during vacation periods with the | City ‘Engineers of Jackson 


im. * and Oxford, Miss, and with the Illinois Central Railroad Company. In 
f 1999 his Junior year, he was a Student Assistant Instructor in in Surveying and 
On graduation, Mr. Lee again ‘served on the Ouachita River 
seation the flood period stopped work he was employed by the Tennessee 
firmed Coal, Tron a1 and Railroad Company i in connection with construction of a modern fs 7 a 
«fs mine surface plant at Edgewater, Ala. | From J uly to October, , 1912, he was 
Conerete Inspector on tunnel and power- -house construction at Tallulah Falls, 
+ Ga, He then spent three months, until the work was completed, laying out a 
within "supervising a concrete pile foundation! for a seventeen- -story office building 
to the in Atlanta, | Ga. Afterward, Mr. Lee was” engaged for two months with 
Mr. Sloss- Sheffield Steel and Iron’ Company on mine plant construction when’ he 
a power to accept a position with the Engineer Corps of the U. S. ona a 
7 Chief of Party on the Cumberland River, first on a precise level survey, ond, 
: later, on a topographic survey and lock and dam location, in preparation for 


‘the of the -canalization of the river. In April, 1915, he was 


sae ferred to work on the Tennessee River where he assisted in the field and on 7: 
preliminary plans for the development of power and improvement of naviga- 

the completion of the Muscle Shoals Mr. 

esha ¥ enter a branch of his “profession which would provide a more permanent 

yen Bp rmity and accordingly t took the Sales Course at four of the plants of 

Ingersoll- -Rand Company. In December, 1916, he became connected 

‘Sales Engineer with the ‘Company’s 8 office in ‘Birmingham, Peon olf 

re Le, BS When the United ‘States. became involved i in the World War, Mr. Lee at 

le, Mr. once responded to the call of the blood of his warrior ancestors, £ and in August, .- 

and to 1917, was, admitted to the training | camp at ‘Fort Oglethorpe, Georgia. 

South November 21, 1917, he received a commission as First Lieutenant of Infantr 


f Gen. and was a Ee to the 17th Machine Gun Battalion. His principal stations 
Jhureh, int this country | were Chickamauga Park, Georgia ; Camp. Wadsworth, South 
of the Camp Mills, New York; Camp Dix, New Jersey. In  Tuly, 


that in 1918, he went overseas, ' where he took part in the Meuse- Argonne drive. Re- 


. ‘ak j turning to the United States a year and ten days later ‘Mr. Lee was honorably — 
3 earl discharged from the Army on August 6, 1919, and immediately returned to 
3issipp! the service of the ‘Inger soll- -Rand Company, being ‘attached to its. ‘St. ‘Louis 


ears at After three years, however, he resigned on account of ill health and 


at the Southern California where he engaged in the real estate ‘business, 

degree hoping that a change of work. and would restore his health. 

| On 1, 1923, he went for a swim a friend at the Santa 

Uni- 

nstruc 


“Neyer g seen 1 alive again one } knows he was drowned. “His 
a 7 


Beige a few days later, was cremated. as 8 he had ‘requested . it should be, 
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MEMOIR ARTHUR DICKSON PRI 


das UT 


— sreenk Mr. Lee was well equipped mentally, morally, and physically, to meet the 


of struggles of: life. Descended. educators and college: -bred_ ancestors on 


sides of his- he early to have a college education and om O 
oe : ‘secured i it largely by his own efforts. In his youth he joined the E Presbyterian his ¢ 
Church and remained a consistent until his, death. He was a Knight for 
plar, and a member of the American Legion and of the. Kappa Alpha Ere 
ailr 


7 was a clean-cut athlete and: loved all kinds of sports. He was recog: Prine 
4 “nized as one, of the, most brilliant athletes : the ‘University. of Mississippi ever vibra 
produced, starring as Captain of the basket- ball, team and as Fullback in the He ¢ 


2 Miss” football team, 1910, He carried a full. measure of enthusiasm pend 


vim his. was as tender as that ‘of. a child, devotion to and 
tender, care of; his mother was beautiful to see. He was unmarried and ‘is sur 
mother. and a younger brother, F W. Lee, of Tulsa, Okla. notal 
“Mr. Lee was: elected an Associate Member of the American Society of the 
Civil Engineers on June 23, 1916, Fis 0. stoi otto 


a 


< 
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Arthur’ Diekson'' Prince, tlhe’ ‘son of Christopher Prince, Jr, | 
ickson Prince, w was born at Glen Cove, Long Island, N. 7 7 lok October 21, | opm 
1870. He was the twelfth in ‘the direct line of descendants ‘to ‘inherit 1 the estate I educ 
which he was born and ‘where his. death ‘occurred, this property having 
been purchased by his ancestors directly from, ‘the Indians. publ: 


or 
At the age of nineteen, “he entered the old School of Mines of Columbia 
College, now Célumbia and graduated, with his class i in 1893 


a with’ the degree of Civil ‘Engincer, “While at Columbia he took an active and 


"prominent part in ‘college activities: rowing on his Freshman and the three 


iT 
succeeding “Varsity” crews the “College. He ‘continued his activity in 
‘sports, “being arder nt -yachtsman, ‘eonipeting in many races on Long Island 


Sound and winning ‘many prizes. 
_ Following his graduation, Mr. Prince’ wad ‘employed ‘as, Superintendent 
-‘éf the George F. Swift Constr riction 1 Company on contract work in New York, 4 

¥., as Draftsman por Professor H: Munroe, of Columbia College, on 


a ‘coal 1 mining work, and from March, 1894, to March, 1896, by the Metropolitan 


Traction Company on the construction of the’ Avenue Cable Road 
of N ew York, in responsible charge of a part of the construction of this road. 


cy pizé 


From the spring ‘of 1896 until the fall of 1900, he was in the employ « of various 
Beeld ents'of the City of New York in the ‘capacity « of Assistant Engineer 


men 


ity 


; tbe On the formation of the Engineering ‘Departinent? of the Board of Rapid 
Transit ‘Commissioners, “organized for the construction of New 


“3 Memoir prepared by George Hallett Clark, M. Am. Soc. C. E. 
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subway, IMr. Prince was s transferred to that organization as Assistant Engineer 


an Octobe 1900, and was assigned to the First | Division. ‘He continue 
his connec ‘tion with this Division until the time of his death, having ‘served 


for the past: fifteen years as Senior Assistant Division ‘Engineer. eg seas 


a In 1905, p previous ‘to. the construction | of the tunnel of the Pen: nsylvania 
Railroad un der the Street Station of the Fourth ‘Avenue’ Subway, Mr. 


Prince designated to investigations relative to. recording the 


vibrations ca'ysed by the blasting to be. done in tunneling beneath the subway. 7. 


He designed | ‘and constructed an instrument on the principle of the vertical 


at 


pendulum seitsmograph for recording amplitude ‘and period of vibrations, in | 7 
three direction: S. ‘This instrument was operated, during the period’ of blasting ~ 


operations in t he Pennsylvania Tunnels i in the vicinity of the Fourth arg Rae 


ant tn 


Subway and Pecorded successfully “the vibrations caused by this blasting. © 
notable oceurr, ‘ence in the operation. of the instrument “was the recording a 
the major eart. hquake shock which destroyed the City of San Francisco, Calif, 


in April, 1916, the violence of | the earth movement having’ been sufficient “a 
swing the reco: ding needle outside the edge of the record sheet. This instru- 
ment was later- operated in the Times Building for recording vibrations due 


to the operatic)y of subway ‘trains and i in other buildings adjacent to 
subways. os _ At present, it is on loan to the United States War Department and 


is being used in the ‘Astoria Gas’ Tunnel in connection with blasting in “ee wee 


East River. on bug and vd be ave mye 


ih a servilce of twenty- five’ with’ the City of New 


public to successful completion, the inevitable 


in the dirs ecting personnel of City and State Commissions. 


J*une 1900, ‘Mr. Prince was married to Jackson, who v with 


son, Jan; aes D. Prince, survives him. 
r. Prince + was elected a Junior of the American Society of Civil Engineers - 


on May 5, 1896, and an Associate Member on October 3, 1900. yes 

_ KENNETH LOUIS GREEMAN, Jun. Am. Soe. | 


Avcusr 21, 1024, 


. a 
nin Ind., on 19, 1900. In his early ‘childhood, his 


moved to Seymour, Ind. where he his elementary ; 


‘Le was graduated from the High § School at Seymour i in June, 1917, and entered — 
3 ~urdue due University, West Lafayette, Ind., the following September, from which Pr. 
e was graduated four y “years : later with the degree o of Bachelor of Science in ae 


Civil Engineering. ‘He was elected to membership in Tau Beta Pi at Pu rdue. — 


- Feldman, Esq., Auburn, Ind, ff 
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[Memoir 


ss While in college, Mr. Greeman spent his summer vacations in th we pursul 


of his chosen vocation. _ From J une, 1918, to J January, 1919, he serv: ed as Rod 


man with the Maintenance > of Way Department of the Baltimore? and bis 

After completing his college work, ‘Mr. Greeman accepted a position a 
Assistant ‘Engineer of Design ‘with the Department of Bridge Cons struction 
of the Indiana State ‘Highway Commission. With the “exception fon 


months spent in the supervision of t the construction, for th ie State, of 


; forced concrete arch bridge, designed. by himself, Mr. contin aed in 
this position until May, 1928, when he resigned to aceept a position as J esigner 
_ with the Gabriel Steel Company, at. Detroit, Mich. © In Septe; mber, ’ 923, he 
received a: an appointment as an Instructor in the Department of Theoretical 
and Applied Mechanics at the University of Tllinois, Urbana, iil, 7 which pos 
After having spent the | summer in tl the employ of the Gabr ‘iel Steel | 
pany, Mr. Greeman, with his family, was ; driving from Detro it o Ferre Haute, 
where had accepted an instructorship in the Depar ‘went of Civil 


Engineering of | Rose Polytechnic Institute. Their autom abil ile struck by. 


Q 


traction car near ‘McCordsville, Ind., and Mr. Greeman an infant son 

were instantly killed, while his wife. was seriously injured. 

In 1922, Mr. Greeman was married to Rita Wation, of Mich., 


is survived by his wife, his parents, and two brothers, 
Mr. ¢ Greeman was elected a Junior of the American Society of Civil 4 
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